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TRENCH OPERATIONS SEQUENCE ENGINEERING STUDY
FOR THE ENVIRONMENTAL RESTORATION DISPOSAL FACILITY

1.0 INTRODUCTION

The production of plutonium and related activities since 1943 have resulted in
significant environmental (primarily soil) contamination on the Hanford site. The
Environmental Restoration Disposal Facility (ERDF) will serve as the disposal facility for the
majority of wastes excavated during remediation of waste management sites in the 100, 200,
and 300 areas of the Hanford facility. The initial work was designated by Westinghouse
Hanford Company (WHC) as Project W-296, and is defined as the design and construction
of facilities for the disposal of waste generated through the year 2001. Only waste from the
100 and 300 Areas will be disposed of in W-296.

The disposal facility itself is planned as a single large trench (landfill), referred to as
the area fill trench. The trench will be approximately 9,000 feet long, 1,000 feet wide at the
floor, and 70 feet deep, with 3H:1V (horizontal:vertical) sideslopes. It will be lined with a
double liner system to comply with RCRA Subtitle C requirements for hazardous waste
landfills. The sideslope liner system will consist of a 3-ft-thick low-permeability
soil/bentonite admix layer placed directly on the native soils, overlain by a synthetic
secondary geomembrane and geocomposite drainage layer, and a synthetic primary
geomembrane and geocomposite drainage layer. The liner system will then be protected
by a 3-ft-thick native soil operations layer. The base liner system will be identical, with the
exception that the geocomposite drainage synthetics will be replaced by gravel drainage
layers. The configuration of the liner system is shown on Figure 1-1, and is described in
more detail in COE 1993a.

This study evaluates several aspects of trench operation. Stability considerations to
prevent failure through the waste, liner, or subgrade are evaluated in Section 2.0. Based on
these considerations, a general filling plan is described in Section 3.0. The need for a low-
permeability cover over the filled portions of the landfill is discussed in Section 4.0.

I
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2.0 STABILITY CONSIDERATIONS

The allowable configurations of waste and access ramps within the trench are
constrained by the requirement to avoid instabilities of any sort within the waste, liner
system, or subgrade. Ultimately, with the trench filled, there will be no potential for
instabilities of any sort except for minimal subsidence associated with ongoing settlement of
the waste (COE 1993a). During the filling operations, however, sliding within and through
the -Inor-.ystem Ic pncshio iundov the irfluence of both tn rcd cttir lnaA ,nd
dynamic earthquake loads. Stability constraints are evaluated below through use of
conventional methods of stability analysis.

2.1 FAILURE MODES

Failure modes to be considered during the operational stage include the following
(Figure 2-1):

- Sideslope subgrade failures (Figure 2-1 (a)).

* Liner failures prior to waste placement (e.g., slippage of the
operations layer, Figure 2-1 (b)).

* Failure of the waste either entirely through the waste (Figure 2-1 (c))
or partially through waste and partially along the liner system
(Figure 2-1 (d); this includes both two-dimensional failures and three-
dimensional wedge failures).

* Failure of waste (Figure 2-1 (e)) entirely along the liner System.

Stability must be considered under both static and dynamic loading conditions.
Static stability will be ensured by the use of defensible material strengths together with a
factor of safety of 1.5. Dynamic stability will be conservatively achieved by the use of a
seismic coefficient of 0.12g (DOE 1989) and a pseudo-static factor of safety of 1.1. The use
of these factors of safety is consistent with industry practice and standards for geotechnical
engineering. This approach has also been used for the Project W-025 Landfill, which has a
very similar lining system and is presently under construction in the 200 West Area of the
-Hanford Site (Galder Associates inc. 1992).

2.2 MATERIAL STRENGTHS

There are a variety of materials and interfaces to be considered, depending on the
failure mode being evaluated. Because the ERDF is in the early stages of design, site
characterization has not been completed and material specifications have not been
developed. However, this type of data has been developed for the Project W-025 Landfill.
Because the liner system and subgrade conditions for the ERDF are expected to be similar
to those at Project W-025, strength values should also be similar. The following data were
used for this study:

3
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Rotational Type Faikre

(a) Sideslope Subgrade Failure

(c) Fgilure Through the Waste Pile

(b) Infinite Slope Type Failure
(eg. Operations Layer on Liner)

(d) Failure Through Waste and
Along Liner

Latera(l Tralatan
of Waste igl

Composite Lner

System

(e) Failure by Sliding Entirely Along
the Landfill Liner System

923 E046.200/473101 1-29-93

Figure 2-1. Schematic Diagrams of Potential Failure Modes.
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Subgrade: -

- Cohesion = 0
- Friction Angle = 38 degrees
- Source: laboratory testing (Golder Associates Inc. 1989)

* Liner Admix:

- Cohesion = 0
- Friction Angle = 36 degrees
- Source: laboratory testing (Golder Associates Inc. 1992)

* Admix/Textured Geomembrane Interface:

- Cohesion = 0
- Friction Angle = 27.5 degrees
- Source: required by Project W-025 specifications (Golder Associates
Inc. 1993) based on engineering analysis

. Operations Layer:

- Cohesion = 0
- Friction Angle = 36 degrees
- Source: laboratory testing (Golder Associates Inc. 1992)

* Operations Layer/Geocomposite Interface:

- Cohesion = 0
- Friction Angle = 27.5 degrees
- Source: required by Project W-025 specifications (Golder Associates
Inc. 1993) based on engineering analysis

. Geocomposite/Textured Membrane Interface:

-Cohesion = 0
--Friction Angle = 27.5 degrees
- Source: required by Project W-025 specifications (Golder Associates
Inc. 1993) based on engineering analysis

The above strength for the Geocomposite/Textured
Geomembrane interface represents achievable peak strength which
can be relied upon at relatively low levels of normal stress typical of
that which will be applied by the operations layer on the trench
sideslopes, i.e., a few hundred pounds per square foot. At higher
normal stress levels, the strength-of this interface is considered to be
more complex.

At high normal stresses, the load-deformation behavior of
textured geomembranes and geocomposites exhibits strain-weakening
or strain-softening behavior. This has been shown in large shear box

5
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(e.g., 12-in: square) direct shear testing, where peak friction angles of
25* to 30 are indicated for shear displacements of a few tenths of an
inch. With ongoing shear displacement, however, the strength
decreases as the fibers of the geotextile are progressively broken and
plucked from the geotextile. At interface shear displacements on the
order-of 1.5 to 2 in., which-represents the limit of travel for most large
shear boxes, the interface shear strength has typically reduced to a
friction angle of 160 to 20*. Recent testing of several textured
geomembrane/geotextile interfaces in a ring shear apparatus, which
has the ability to achieve very large interface shear deformations, has
indicated that true residual strengths can approach typically 120 to
14*, at relative shear displacements in excess of one foot. It should be
assumed at this stage of design that similar behavior would be
exhibited by the textured. geomembrane/geocomposite interface in the
ERDF. Accordingly, along the flat base of the liner system, the
available shear strength was assumed to be given by a friction angle
of 20*. Along the 3H:1V base sideslopes, where settlements during
construction will tend to mobilize higher shear stresses, there is the
potential for slippage and for the interface shear displacements to
extend well into the post-peak range. The tendency for this behavior
will depend on factors such as the angle of the sideslope, the specific
weight and compressibility of the waste, and the ultimate depth of
the waste. The area fill trench exhibits generally favorable
characteristics in this regard because of the relatively flat 3H:1V
sidesiupes, the presumed stiff character of the waste as a result of the
planned compaction to reduce settlements of the final cap, and the
limited height of the waste. However, it was assumed that residual-
type friction angles can be mobilized beneath the sideslopes along the
geomembrane/geocomposite interface, and consequently a friction
angle-of_14" has been use in this analysis.

. Waste:

- Cohesion = 0
- Friction Angle = 30 degrees
- Source: conservative assumption for compacted granular fill

2.3 STABILITY EVALUATION

Stability analyses reported below have been performed using the computer program
XSTABL (Sharma 1991), employing the modified-Janbu method of slices. Where
appropriate, an analytical solution for the simplified infinite slope problem has also been
used.

6
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2.3.1 Sideslope Subgrade Failures

The stability of the 3H:1V subgrade slopes has been previously evaluated (Golder
Associates Inc. 1992). For a subgrade strength characterized by a friction angle of 38*, the
static factor of safety is 2.3 and the computed pseudostatic factor of safety for an equivalent
horizontal acceleration of 0.12g is 1.7. These values indicate that there is no concern with
either static or seismic stability for 3H:1V cut slopes within the subgrade.

2.3.2 Liner/Operations Layer Sideslope Sliding

Following construction of the sideslope and placement of the protective operations
layer, there is the potential for sliding within either the operations layer or the liner admix,
or at one of the liner interfaces. Such failures can be conservatively analyzed by assuming
an infinite slope model, with sliding parallel to the face of the slope. As noted above, the
critical interface strength at these low normal stress levels is considered to be represented
by a friction angle of 27.5. The calculated static factor of safety for a 3H:IV sideslope with
a strength of 27.5T is 1.6, and the corresponding pseudostatic factor of safety for an
equivalent horizontal acceleration of 0.12g is 1.1. These values indicate no static or dynamic
stability concerns with the liner sideslopes, prior to the placement of waste upon those
sideslopes.

2.3.3 Waste Operational Slopes

Maximum allowable waste slope angles at the operational face during construction
will be determined by consideration of the stability of (1) slips which are contained entirely
within the waste, or (2) bilinear slips passing partially through the waste and partially
along a weak interface in the basal liner system. For thin sliver (infinite slope) failures on
the face of the waste slope, static factors of safety are calculated at 1.7 for a waste slope
angle of 3H:1V and a waste friction angle of 30. The corresponding pseudostatic factor of
safety with an applied equivalent horizontal acceleration of 0.12g is 1.2. More deep seated
slips contained entirely within the waste will exhibit higher static and pseudostatic factors
of safety.

For bilinear failures through the waste and along the geomembrane/geocomposite
interface (friction angle of 2 0 ), the calculated minimum static factor of safety for a 3H:1V
slope is 1.6, and the corresponding pseudostatic factor of safety for an applied 0.12g
equivalent horizontal acceleration is 1.1 (Analyses Al and A2 in Appendix A). These
analyses indicate that operational slopes within the waste can be safely constructed at
angles up to 3H:iV.

Operational slopes will also be constructed above the trench sideslopes (i.e., an
active waste slope with a dip direction parallel to the strike of the trench sideslope). As
noted in Section 2.2, there is the potential for relatively large strains to occur at the
geocomposite/textured geomembrane interface on the trench sideslopes during
construction, thereby reducing available strengths closer to residual friction angles of about
14*. However, this relatively low interface strength will apply in the down-dip direction of
the trench-4lope, and strengths along the-strike of the trench slope are of primary interest
for operational slope stability. The along-strike shear strength his been assumed to

7

11/93



WHC-SD-W296-ES-01, Re 0 . /9

correspond to-a friction- angle-of 200, although this will need to be carefully evaluated by
appropriate strength testing. A basal friction angle of 20r will enable static factors of safety
of 1.6 and pseudostatic factors of safety (0.12g applied equivalent acceleration) of 1.1 to be
achieved with waste operational slope angles of 3H:1V, as noted above. If this interface
strength cannot be demonstrated, then operational waste slopes located above the trench
sideslopes might need to be flattened somewhat.

.. Waste Slips Alone Liner

During the initial stages of the development of the landfill, consideration must also
be given to failure mechanisms which involve sliding of the waste entirely along the liner
system. In general, as development proceeds away from the trench sideslopes, this failure
mode will become less important because the waste located above the 3H:1V sideslope will
be buttressed by increasing quantities of waste located above the base of the trench.
During initial filling, however, care must be exercised to maintain sufficient buttressing
waste above the trench base in order to support that waste which is located above the
trench sideslopes.

The critical interface strength along the base of the trench has been characterized by
a friction angle of 20*, and fie tterigth in the downsiope direction of'the trench sideslope
by a friction angle of 140, as previously noted. For a configuration in which the volume of
waste located above the trench base is equivalent to the volume of waste located above the
trench sideslope, the static factor of safety is calculated to be 1.9 and the pseudostatic factor
of safety with an applied equivalent horizontal acceleration of 0.12g is calculated to be 1.1
(Analyses A3 and A4 in Appendix A). These analyses indicate that such a configuration

--would exhibit satisfactory stability under both static and dynamic loading conditions.

2.4 STABILITY CONSTRAINTS ON WASTE CONFIGURATIONS

The stability analyses performed for this study indicate the following:

. Sideslopes of 3H:1IV can be excavated in the subgrade.

* The proposed liner with operations layer can be constructed on these
3H:1V sideslopes.

. Overall operational slopes within the waste should be limited to
3H:IV. Where these slopes are located above the trench sideslopes,
somewhat flatter waste slope angles might be required depending on
the results of strength testing.

. Where waste is located above the trench sideslopes, it should at all
- times during the operation be buttressed by at least an equivalent

quantity of waste located above the flat base of the trench.

8
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3.0' CONCEPTUAL FILL PLAN

A major aspect of trench operation is the sequence and geometry used for placing
waste in the trench. There are several requirements to be satisfied by the operations
(filling) sequence ultimately adopted.

-- - -- First, there must be adequate working space available to permit
hauling, waste placement, and compaction equipment to operate;
trench and liner construction and interim cover operations to
proceed; and decontamination operations to occur simultaneously
and without interference.

Second, the sequence adopted should limit the amount of liner,
interim cover, and trench preparation required to accept each annual
waste load and at the same time enable easy transition from one
phase of trench and liner construction and waste placement to the
next.

* Third, the filling sequence should permit timely placement of interim
cover materials and enable waste hauling equipment to operate on
"clean" surfaces, where possible.

* Fourth, continuous "clean" access should be available to each of the
operating levels within the trench, with minimal disruption associated
with extending and relocating access ramps as the trench is filled.

The area fill trench will be constructed in a series of cells with construction starting
at the west end of the trench. The trench will be 70 ft deep with 3H:1V sideslopes; the
trench bottom dimensions of each cell will be approximately 500 ft square. Waste will be
placed in two lifts. The upper surfaces of these lifts will be located about half way up the
trench and at the top of the trench, respectively. Access to the lower lift will be from a
ramp constructed in the sideslope of the trench. Access to the upper lift will be directly
from the roadway around the perimeter of the trench.

Vehicles hauling waste for disposal in the trench will generally operate on clean
-surfaces so that it will not be necessary to decontaminate the hauling equipment.
Dedicated "dirty" operating equipment within the trench will be used to spread and stack
the waste. Waste will be spread to maintain operating slopes no steeper than 3H:IV to
meet stability requirements, although flatter operating slopes may be used for operational
reasons. Dirty equipment will not generally be removed from the waste areas except for
necessary maintenance, and so will require decontamination relatively infrequently.

As shown on Figure 3-1, access to the initial group of cells will be via a ramp
constructed on the north slope of the trench. The ramp will be constructed at an eight
percent grade with the exception of an horizontal segment approximately 100 ft long
located 35 ft below the crest of the trench, at the mid height of the sideslope. This segment

-will-allow--access -to -the- first -lift of w-astej as discussed in more detail below. Contaminated
vehicles and equipment will not be driven or operated on the access ramp. A clean area
will be delineated on the cell bottom at the bottom of the access ramp. This area will be

9
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used for temporary storage of clean equipment and materials, and will define the limits
within which clean equipment can operate at the bottom of the area fill trench.

The following approach for placing waste in the trench is based on concepts
developed in the ERDF transportation study (COE 1993b). It is intended to minimize initial
construction effort for the trench while still accommodating expected waste receipts.
Variations of this approach are possible and can be developed if project requirements
change.

3.1 INITIAL STACKING PLAN

During initial placement of the waste, waste will be hauled down the access ramp
to the clean operations layer on the bottom of the landfill cell. A waste ramp and dumping
platform approximately 100 ft wide will be developed adjacent to the access ramp, upward
from the operations layer at an eight percent grade. The ramp will initially be developed
by dumping the waste directly on the operations layer. The waste will be spread, shaped,
and compacted into the form of a ramp by dirty bulldozers. The waste ramp outslopes will
be maintained at a grade of 3H:1V or flatter. The crest of the waste ramp will be oriented
parallel the crest of the trench in plan view so the width of the waste ramp will increase
with elevation. This will ensure that stability requirements for the placement of waste
against the trench sideslopes are met

When a sufficient area of waste ramp has been constructed, clean bulldozers and
graders will be used to place a layer of clean soil on top of the waste. This stage of ramp
construction is shown on Figure 3-2. The clean soil layer will serve as an interim cover to
prevent wind dispersion of contaminated soil and to provide a clean surface for hauling
equipment.

The point at which the waste trucks dump their loads will move progressively up
slope as the area of clean cover is extended up the waste ramp. As the development of
this ramp progresses, it will not be necessary for the waste trucks to travel all the way to
the bottom of the cell. Since the dumping ramp will be simply a lateral extension of the
access ramp, trucks will be able to pull off the access ramp onto the dumping ramp at any
convenient location. This will minimize their travel and backup distances.

Development of the waste ramp will continue up slope using this method until the
-horizontal segment of-the -access- -ramp -is reached, some 35 ft above the base of the trench
(Figure 3-3). A 100-ft-wide horizontal section of the dumping platform corresponding to
the horizontal ramp segment will be established at this elevation, as shown on Figure 3-4.
This horizontal bench will be the initial stage in the development of a lower operating
bench. The lower operating bench will be developed and maintained at this elevation
throughout the operation of the area fill trench. The lower operating bench will initially be
extended to the western limit of Cell 1 (Figure 3-5), and subsequently in a southerly
direction to the southern limit of Cell 2 (Figure 3-6).

At some convenient time during development of the lower operating bench, an
upper waste ramp will be constructed from the lower operating bench to the crest of the
trench using a similar technique to that used for the lower waste ramp (Figure 3-7). The
waste ramp will again be constructed as an extension of the access ramp. A minimum

1~1
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100-ft-wide access zone will be maintained on the lower operating bench at the toe of the
upper waste ramp.

Following completion of the upper waste ramp, an upper operating bench will be
developed over the upper waste ramp from the crest of the trench (Figure 3-8). This upper
operating bench will then be extended to the south until it extends across the full width of
Cells 1 and 2 (Figure 3-9). A minimum 100-ft-wide operating zone will be maintained on
the lower operating bench, between the toe of the upper operating bench and the crest of
the lower operating bench.

3.2 A cTACf T' "lAN

The basic system for filling the trench consists of the following general procedures:

Fist, dumping the waste over the edge nf a ramp or platform
surfaced with clean material.

* Second, spreading the waste on an outslope using dirty equipment.

* Third, covering the waste with clean material as the ramp or
dumping platform is extended.

The general filling sequence of the trench will progress from west to east using the
two operating benches developed as described above (Figure 3-10). A minimum width of
100 ft will be maintained on the lower bench to facilitate operations. The original access
ramp will be maintained during filling of the first four cells. It will subsequently be
replaced by a similar access ramp constructed adjacent to cells 5 and 7. The original access
ramp will be infilled when the new ramp and adjacent cells become operational. This
process will be repeated as necessary along the-length of the trench.

The 3H:1V waste slopes will in general not be covered with an interim soil layer.
The exposed area is minimal, and because the slopes will be advanced only a few tens of
feet at a -time, a- clean soil cover would result in substantial lost tandfill capacity. Dust from
the exposed waste surfaces will be controlled with surfactants during normal operations.
However, for areas which may remain open for long periods of time or experience
disturbance from nearby traffic, such as the slopes adjacent to the access ramp, clean soil
cover may be considered to reduce maintenance requirements.

3.3 OPERATIONS/CONSTRUCTION INTERFACE
TdlkktI. T-LJLL *,;- conepua f~ L~LIb ~ ...... ill ~ . line
-nrthis nptual I plan, cells I through 3 will be onstructed and lined prior

to waste placement. On average, about two new cells will need to be developed and lined
each year to meet the planned disposal rates. Excavation and/or lining of new cells can be
performed simultaneously with waste disposal.

Once the trench is in the operating phase, the waste placement and cell
construction activities will be kept separate to avoid dispersion of contaminated material.
Primary access for new cell construction will be provided by ramps within the unlined

I8
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slopes of the new construction area,.at the eastern end of the existing trench. Construction
stockpiles, equipment yards, and support facilities will be limited to the area south and east
of the trench. The north and west sides will be dedicated to waste transport and
placement operations. Within the trench, the construction area will be separated from the
waste placement area by a buffer (no activity) zone and a physical barrier such as a fence.

3.4 MINIMAL STARTUP REQUIREMENTS

Prior to initiating waste disposal, it will be necessary to develop a sufficient area of
lined-cells to allow continuous-disposal ativties. I.. It . be necessary to
excavate and line at least three cells. Cells 1 and 2 will provide the primary initial disposal
capacity. Cell 3 will provide access to the bottom of the trench, in addition to providing a
buffer between waste disposal and construction activities. This configuration would
provide a maximum capacity of approximately eighteen months of disposal at the planned
waste generation rates before Cell 4 would need to be completed (see below).

3.5 FIVE-YEAR OPERATING PLAN

The total volume of waste scheduled for disposal in the area fill trench during the
first five years of operation is approximately six million cubic yards, with the estimated
annual disposal rate as follows (WHC 1993):

Waste Volume (cubic yards)

Year Annual Cumulative

1 653,000 653,000

2 1,413,000 2,066,000

3 1,215,000 3,281,000

A --- i - 1,2. ------ A 4

5 1,407,000 6,009,000

The cumulative landfill capacity depends in part on the sequence in which the cells
are constructed and fZlled. For comparison purposes, the cumulative capacity of the first
six cells is presented in the table below._This estimate assumes that the constraints on
waste geometry discussed above will apply. This estimate also assumes that the first access
ramp will be kept open until Cell 7 has been lined, at which time the second ramp will be
used and the first can be backfilled with waste. This approach limits the volume of waste
that can be placed along the north side of the trench. Details of the volume calculation are
presented in Appendix B.

17.
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Since disposal is proposed from west to east across the full two-cell width of the
trench, it is assumed that new cells will generally be constructed and lined in pairs (i.e., 5
and 6, 7 and 8) ahead of the operating cells. The capacity of each two disposal cells is
approximately 1.5 million cubic yards. This corresponds to about one year of waste receipt
at the planned disposal rate, with the exception of the reduced disposal rate planned for
the first year. At the end of five years, it is estimated that approximately eight to ten cells
will have been constructed and filled.

23

Available I Cumulative Waste
Cells Capacity (cubic yards)

1 and 2 1,080,000

1, 2, and 3 1,260,000

1 through 4 2,370,000

I through 6 3,460,000

11/93
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4.0 INTERIM COVER REQUIREMENTS

No regulatory requirements for a low-permeability interim cover have been
identified (COE 1993a). However, it may be economical to install such a cover to limit the
amount of leachate that must be treated prior to installation of the permanent closure cover
(the Hanford Barrier; COE 1993a). This section will estimate the amount of leachate that
may be generated and the costs of treatment vs. installation of a low-permeability interim
cover.

A.1 TEACfATE GENERATION RATES

The amount of leachate that might be generated was estimated using the
Hydrologic Evaluation of Landfill Performance (HELP) computer model (Schroeder et al.
1989). Details of the analysis are included in Appendix C. Climatic data for the Hanford
Site from the years 1979 through 1988 were used. The waste was assumed to be 70 ft thick
and consist of sandy gravel. The interim cover was assumed to be a 2-ft-thick layer of silty
sand. All materials were assumed to be at their field capacity initially, and thus have no
storage capacity. This is a conservative assumption which will maximize the infiltration
through the waste.

Leachate production was calculated for several assumed permeability values of the
interim cover soil. Results ranged froni 0.7 in. of leachate per year for a cover permeability
of 1 x 10 5 cnVsec to 1.1 in. per year for a permeability of 1 x 10-3 cnVsec. These values are
equivalent to 19,000 and 30,000 g/ac, respectively. For comparison purposes, leachate
production at a landfill at the Arlington, Oregon, hazardous waste facility ranges from
about 3,000 to 5,000 g/ac/yr (Appendix C). This landfill is double lined and is comparable in
depth to the ERDF. The Arlington site receives more annual precipitation than Hanford,
with 11 in. vs. 7 in. for the years considered. On this basis, it appears that the HELP
results for the ERDF are in fact conservative.

4.2 LEACHATE TREATMENT COSTS

Costs for leachate treatment will depend on the volume to be treated and the
constituents that must be removed. Hence, costs are difficult to determine accurately at
this time. Estimates provided by WHC for a proposed waste water treatment facility
(Appendix C) indicate costs of about $0.06 per gallon. Rule-of-thumb estimates for
-astewater-treatment-plants indicate-about-$&01 per-gallon, even assuming a small plant
and use of reverse osmosis to remove dissolved metals. Commercial hazardous waste
facilities were queried about leachate treatment costs, but did not have this information
available.

4.3 LOW-PERMEABILITY COVER COSTS

Two options were considered for low-permeability covers. The first is a 3-in.-thick
layer of asphalt, costed at $1.50 per square foot installed. The second is a 20-mil layer of
very low density polyethylene (VLDPE), costed at $0.50 per square foot installed. VLDPE
was selected for its durability and toughness. Both covers assume no traffic and

24
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consequently do not include layers that would normally be necessary to accommodate
vehicle loads. Details of the cost derivation are included in Appendix D.

4.4 RESULTS

The results are shown on Figure 4-1, where costs on a per-acre basis for leachate
treatment and low-permeability cover construction have been plotted for a period of 25
years. This time period reflects the expected life of the ERDF (years 1996 to 2018) plus a
few years for construction of the Hanford Barrier.

Because of its higher cost, the asphalt cover is not economical compared to the
VLDPE cover. At this time, no performance requirements have been identified that would
require the use of asphalt instead of geomembrane.

The cost curves on Figure 4-1 indicate that the VLDPE cover is not justified
economically unless both leachate quantities and treatment costs are at the high end of the
expected range, and the area under consideration is not permanently closed for several
years. For example, if leachate is being generated at a rate of 30,000 g/yr and if treatment
costs $0.10/g, then a VLDPE cover is justified only if about 7 years or more elapse before
the Hanford Barrier is installed at that location. A low-permeability cover also has
significant initial costs, whereas leachate treatment can be incorporated into the wastewater
treatment facility already required for the ERDF.

As discussed above,-there is considerable uncertainty in both the volume and cost of
treating leachate. However, there is no significant cost impact for installing a low-
permeability cover after a few years rather than immediately when a particular section of
the trench is full. Hence, actual leachate quantities should be monitored during ERDF
operation and actual costs determined. On this basis, a decision can be made at any time
to install a low-permeability cover if justified.

25
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5.0 SUMMARY AND CONCLUSIONS

Stability analyses were performed to evaluate liner stability and to determine
constraints on waste placement operations. The analyses considered both static and
dynamic loading conditions.- The following results were obtained:

- Sideslopes of 3H:1V can be excavated in the subgrade.

* The proposed liner with operations layer can be constructed on these
3H:IV sideslopes.

. Overall operational slopes within the waste should be limited to
3H:1V. Where these slopes are located above the trench sideslopes,
somewhat flatter waste slope angles might be required depending on
the results of strength testing on actual liner materials.

-- Where waste is located above the trench sideslopes, it should at all
times during the operation be buttressed by at least an equivalent
quantity of waste located above the flat base of the trench.

On the basis of these constraints, the trench geometry, and the need to minimize
initial trench construction, a conceptual fill plan was prepared. Waste placement would
begin on the floor of the trench, and operating levels at elevations of 35 and 70 ft above the
trench floor would be developed. The amount of waste exposed at any given time would
be minimized by the use of clean soil covers. Initial construction of 3 cells would provide
capacity for about 1.5 years of waste at currently anticipated receipt rates. Additional cells
would be excavated and lined at a rate of about 2 per year. This process would advance
the trench by about 500'ft annually. 'Within broad limits, these construction rates can be
modified to accommodate actual waste receipts. Construction activities will be isolated
from waste placement activities to prevent inadvertent spread of contaminated material.

The need for a low-permeability interim cover over portions of the trench that have
been completely filled was also evaluated. The economics of treating leachate depend on
the amount of leachate generated and the unit cost of treatment. Neither of these factors is
well-defined for the ERDF. However, using estimates based on modelling and experience
at other facilities, it appears that a low-permeability interim cover is not economical unless
both leachate volumes and unit treatment costs are relatively high. It is suggested that a
final decision on the need for a low-permeability interim cover be deferred until actual
operating experience at the ERDF has more accurately defined the relevant parameters.

2"-
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*
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*
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1015 *
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Problem Description : Hanford W-296 Trench Operations Seq

SEGMENT BOUNDARY COORDINATES

2 SURFACE boundary segments

Segment
- No.---

1
2

x-left
(ft)

.0
300.0

y-left
(ft)

.0
100.0

SCTMlCTflAr knAry segrents-- ------------

Segment
No.

x-left
(ft)

1 .0

y-left
(ft)

.0

x-right y-right
(ft) (ft)

300..0
350.0

1-00.0
100.0

x-right y-right
(ft) (ft)

300.0 1.0

Soil Unit
Below Segment

1
1

Soil Unit
Below Segment

2

ISOTROPIC Soil Parameters

2 type(s) of soil

Soil-- Unit Weight Cohesion Friction
Unit Moist Sat. Intercept Angle
No. (pcf) (pcf) (psf) (deg)

Pore Pressure
Parameter Constant

Ru (psf)

120.0 120.0
120.0 120.0

.0 30.00

.0 20.00

A-1

1
2

Water
Surface

No.

.000

.000
.0
.0

0
0
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A critical failure surface searching method, using a random
technique for generating sliding BLOCK surfaces, has been
specified.

100 trial surfaces will be generated and analyzed.

3 boxes specified for generation of central block base

Length of line segments for active and passive portions
sliding block is 300.0 ft

Box
no.

1
2
3

x-left
(ft)

.0
50.0

300.0

y-left
(ft)

.0

.0
100.0

x-right
(ft)

.0
250.0
300.0

y-right
(ft)

.0

.0
100.0

of

Width
(ft)

.0

.0

.0

Factors of safety have been calculated by the

* * * * * MODIFIED JANBU METHOD *****

The 10 most critical of all the failure surfaces examined
are displayed bilow - the most critical first

Failure surface No. 1 specified by 3 coordinate points

Point x-surf y-surf
No. (ft) (ft)

1 .00 .00
2 153.23 .00
3 300.00 100.00

** Corrected JANBU FOS = 1.601 ** (Fo factor =1.037)

Failure surface No. 2 specified by 3 coordinate points

Point
No.

1
2
3

x-surf
(ft)

.00
154.51
300.00

y-surf
(ft)

.00

.00
100.00

**. Corrected JANBU FOS = 1.601 ** (Fo factor =1.038)

Failure surface No. 3 specified by 3 coordinate points

A-2
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urf y-surf
t)

.00
157.62
300.00

(ft)

S4 ef 3 of zo

.00
.00

100.00

** Corrected JANBU FOS = 1.601 ** (Fo factor =1.038)

Failure surface No. 4 specified by 3 coordinate points

Point
No.

1
2
3

x-surf
(f t)

.00
144.15
300.00

y-surf
(ft)

.00

.00
100.00

** Corrected JANBU FOS = 1.601 ** (Fo factor =1.036)

Failure surface No. 5 specified by 3 coordinate points

Point
No.

1
2
3

x-surf
(ft)

.00
159.00
300.00

y-surf
(ft)

.00

.00
100.00

** Corrected JANBU FOS - 1.601 ** (Fo factor =1.038)

Failure surface No. 6 specified by 3 coordinate points

Point
No.

1
2
3

x-surf
(ft)

.00
143.25
300.00

y-surf
(ft)

.00

.00
100.00

** Corrected JANBU FOS = 1.602 ** (Fo factor =1.036)

Failure surface No. 7 specified by 3 coordinate points

Point
No.

1
2
3

x-surf

.00
160.54
-300-.00

y-Surf

.00

.00
100.00

** Corrected JANBU FOS = 1.602 ** (Fo factor =1.039)

Failure surface No. 8 specified by 3 coordinate points

A-3

Point
No.

x-s
(f

1
2
3
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x-surf y-surf

(ft) (ft)
Point

No.

1
2
3

a ceJ 4 4-o

.00

.00
100.00

** Corrected-JAN0BU FOS = 1.602 ** (Fo factor =1.039)

Fail-ure surface No. 9 specified by 3 coordinate points

Point
No.

1
2

x-surf
(ft)

.00
138.38
'nf.00

y-surf
(ft) -

.00

.00
100.00

** Corrected JANBU FOS - 1.603 ** (Fo factor -1.035)

Failure -surface-No-.10- specified by 3 coordinate points

Point
No.

1
2
3

x-surf
(ft)

.00
165.93
300.00

y-surf
(ft)

.00

.00
100.00

** Corrected JANBU FOS = -1.603 ** (Fo factor =1.039)

The following is a summary of the TEN most critical surfaces

Problem Description : Hanford W-296 Trench Operations Seq

Modified
JANBU FOS

Correction
Factor

Initia-l-
x-coord

(ft)

Terminal
x-coord

(ft)

1.037
1.038
1.038
1.036
1.038
1.036
1.039
1.039
1.035
1.039

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

* * * END OF FILE *

300.00
300.00
300.00
300.00
300.00
300.00
300.00
300.00
inn.nn
300.00

2. 725E+05
2.745E+05
2.793E+05
2.581E+05
2.814E+05
2.567E+05
2.837E+05
2.862E+05
2. 488E+05
2.918E+05

* *

A-4

.00
162.22
300.00

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.

1.601
1.601
1.601
1.601
1.601
1.602
1.602
1.602
1.603
1.603

Driving
Force
(lb)
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Hanford W-296 Trench Operations Seq

245 10 most critical surface!s, MINIMUM JANBU FOS =
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* Ver. 4.10

S Lut f 2d z0

*

*

1015 *
** * ****** *** * ***** *** *** ** *** ** ** * **** *** *

Problem Description : Hanford W-296 Trench Operations Seq

SEGMENT BOUNDARY COORDINATES

2 SURFACE boundary segments

y-left
(ft)

.0
100.0

x-right y-right
(ft) (ft)

300. 0
350.0

100.0
100.0

Soil Unit
Below Segment

1

1 SUBSURFACE boundary segments

y-left
(ft)

.0

x-right y-right
(ft) (ft)

300.0 1.0

Soil Unit
Below Segment

2

ISOTROPIC Soil Parameters

2 type(s) of soil

Soil Unit Weight
Unit Moist Sat.
No. (pcf) (pcf)

Cohesion
Intercept

(psf)

Friction
Angle
(deg)

Pore Pressure
Parameter Constant

Ru (psf)

120.0 120.0
120.0 120.0

.0 30.00

.0 20.00

A-6

Segment
No.

1
2

x-left
(ft)

.0
300.0

Segment
No.

x-left
(ft)

1 .0

1
2

Water
Surface

No.

.000

.000
.0
.0

0
0



WHC-SD-W296-ES-01 , Rev. 0 u
A horizontal earthquake loading coefficient
of .120 has been assigned

A vertical earthquake loading coefficient
of .000 has been assigned

A critical failure surface searching method, using a random
technique for generating sliding BLOCK surfaces, has been
specified.

100 trial surfaces will be generated and analyzed.

3 boxes specified for generation of central block base

Length- of-li-ne -segment-s for- active- -and-- passive port ins f
sliding block is 300.0 ft

Box
no.

1
2
3

x-left
(ft)

.0
50.0

300.0

y-left
(ft)

.0

.0
100.0

x-right
(ft)

.0
250.0
300.0

y-right
(ft)

.0

.0
100.0

Width
(ft)

.0

.0

.0

Factors of safety, have been calculated by the

* * * * * MODIFIED JANBU METHOD * ** * *

The 10 most critical of all the failure surfaces
are displayed below - the most critical first

examined

Failure surface No. 1 specified by 3 coordinate points

Point
No.

1
2
3

x-surf
(ft)

.00
157.62
300.00

y-surf
(ft)

.00

.00
100.00

** - Corrected JANBU FOS = 1.116 ** (Fo factor =1.038)

Failure surface No. 2 specified by 3 coordinate points

x-surf
(f t)

.00

y-surf
(f t)

.00
A-7

J74 20

Point
No.

1



WHC-SD-W296-ES-01, Rev. 0
159.00 .00
300.00 100.00

SAu-/ jz2

** Corrected JANBU FOS = 1.116 ** (Fo factor =1.038)

Failure surface No. 3 specified by 3 coordinate points

Point
No.

1
2
3

x-surf
(ft)

.00
160.54
300.00

y-surf
(ft)

.00
.00

100.00

** Corrected JANBU FOS - 1.116 ** (Fo factor =1.039)

Failure surface No. 4 specified by 3 coordinate points

Point
No.

1
2
3

X-surf
(ft)

.00
154.51
300.00

y-surf
(ft)

.00

.00
100.00

** Corrected JANBU FOS - 1.116 ** (Fo factor -1.038)

Failure -surface-No. -5-speci.id by I --rdrdinate points

Point
No.

1
2
3

'--ur-S

(ft)

.00
153.23
300.00

Y-S. A

(ft)

.00

.00
100.00

** Corrected JANBU FOS = 1.116 ** (Fo factor =1.037)

Failure surface No.. 6 specified by 3 coordinate points

Point
No.

i
2
3

x-surf
(ft)

.00
162.22
300.00

y-surf
(ft)

.00

.00
100.00

** Corrected JANBU FOS = 1.116 ** (Fo factor =1.039)

Failure surface No. 7 specified by 3 coordinate points

x-surf
(f t)

.00

y-surf
(ft)

- .00
A-8

2
3

Point
No.

1



WHC-SD-W296-ES-01, Rev. 0
.93 .00
.00 100.00

S<&ee q f 20

*-* Corrected JAMIU FOS - 1.117 ** (Fo factor =1.039)

Failure surface No. 8 specified by 3 coordinate points

Point
No.

1
2
3

x-surf
(ft)

.00
169.52
300.00

y-surf
(ft)

.00
.00

100.00

** Corrected JANBU FOS = 1.117 ** (Fo factor =1.040)

Failure surface No. 9 specified by 3 coordinate points

Point
No.

1
2
3

x-surf
(ft)

.00
144.15
300.00

y-surf
(ft)

.00

.00
100.00

** Corrected JANBU FOS = 1.118 ** (Fo' factor =1.036)

Failure surface No.10 specified by 3 coordinate points

Point
No.

1
2
3

x-surf
(ft)

.00
143.25
300.00

y-surf
(ft)

.00

.00
100.00

** Corrected JANBU FOS = 1.118 ** (Fo factor =1.036)

The following is a summary of the TEN most critical surfaces

Problem Description : Hanford W-296 Trench Operations Seq

Modified
JANBU FOS

Correction
Factor

Initial
x-coord

(ft)

Terminal
x-coord

(ft)

3. 814E+05
3. 844E+05
3. 876E+05
3. 743E+05
3 . 720E+05
3. 911E+05
3.369E+05

2
3

165.
300.

1.
2.
3.
4.

1.116
1.116
1.116
1.116
1.116
1.116
1.117

Driving
Force
(lb)

1.038
1.028
1.039
1.038
1.037
1.029
1.039

.00

.00

.00

.00

.00,

.00

.00

300.00
300.00
300.00
300.00
200.00
300.00
300.00

A-9



8. 1.117
9. 1.118

10. 1.118

WHC-SD-W296-ES-01 , Rev.
1.040 .00
1.036 .00
1.036 .00

0
300.00
300.00
300.00

Sz l Oo -zo
4.061E+05
3.522E+05
3.502E+05

* * * END OF FILE * * *

A-10



Hanford W-296 Trench Operations Seq
10 most critical surfqces, MINIMUM JANBU FOS =

90 135 180 225 270

1.116

315
X-AXIS (feet)

TO'StSIl If Of -93: Ib: 18
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180
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* XSTABL

*
*

*

*
*

*
*

Slope Stability Analysis using
Simplified BISHOP or JAN3U methods

Copyright (C) 1992
Interactive Software Designs, Inc.

All Rights Reserved

Golder Associates, Inc.
Redmond, WA 98052

*
*

*
*
*

*

* Ver. 4.10 1015 *

Problem Description

SEGMENT BOUNDARY COORDINATES

2 SURFACE boundary segments

Segment x-left y-left x-right y-right
No. (ft) (ft) (ft) (ft)

1
2

.0
300.0

.0
100.0

300.0
350.0

100.0
100.0

1 SUBSURFACE boundary segments

Soil Unit
Below Segment

I
I

Segment x-left y-left x-right y-right2
No. (ft) (ft) (ft) (ft)

1 .0 .0 300.0 1.0

Soil Unit
Below Segment

2

ISOTROPIC Soil Parameters

2 type(s) of soil

Soil Unit Weight
Unit Moist Sat.
No. (pcf) (pcf)

Cohesion
Intercept

(par)

Friction
Angle
(deg)

1 120.0 120.0 .0 30.00
2 120.0 120.0 .0 20.00

A horizontal earthquake loading coefficient

Pore Pressure
Parameter Constant

Ru (psf)

.000

.000
.0
.0

A-12

Water
Surface

No.

0
a

ti E I a 



WHC-SD-W296-ES-01 , Re.v. 0
A vertical earthquake loading coefficient
of .000 has been assigned

Trial failure surface specified by 3 coordinate points

Point
'I'----

1
2
3

x-surf
( t)

.00
150.00
300 00

y-surf
(ft)

.00
.00

100.00

SUMMARY OF INDIVIDUAL SLICE INFORMATION

Slice x-base
'$4t) -

1
2
3

75.00
150.38
225.38

y-base. height
(ft)-- (ft) --

.00 25.000
.25 49.874

50.25 24=874

width
(ft)

150.000
.754

149.246

alpha

.000
33.690
33.690

beta

18.435
18.435
18.435

weight
(lb)

450000.0
4511.2

445488.7

SLICE INFORMATIOT n . . . continuad

Sigma
(psf)

phi c--value
(psf)

3000.0 20-.00
4884.8 20.00
2199.2 30.00

For the single specified surface,
Corrected JANBU factor of aatety = 1-117

Resisting Shear Strength = 393.15E+03
Total Driving Shear Force = 365.04E+03

(Fo factor- m.-037)

lb
lb

A-13

teLt 13 P 20

Slice

1
2
3

U-top
(lb)

U-base
(lb)

.0-

.0

.0

.0

.0

.0

P-top
(lb)

.0

.0

.0

Delta

.00

.00

.00

.0

.0

.0
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225

180

135

90

11:0 'aLA2

Janbu Factor of Safety for Specified Surface =

135 180 225 270 315

X-AXIS (feet)
360 (i'

-t

-L

1.117

4)
4)

'f-I

U?)
-- 4
I~

4-

45

0

0 45

r~-

90
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* XSTABL *
*

Slope Stability Analysis using
Simplified BISHOP or JANBU methods

Copyright (C) 1992
Interactive Software Designs, Inc.

All Rights Reserved

*
* Golder Associates, Inc.

Redmond, WA 98052

*
*

*
*
*

*

*

* Ver. 4.10 1015 *

Problem Description

SEGMENT BOUNDARY COORDINATES

2 SURFACE boundary segments

x-right y-right
(ft) (ft)

200.0 , 50.0
350.0 50.0

Soil Unit
Below Segment

1
1

2_ SUBSURFACE boundary segments

x-left
(ft)

50.0
200.0

y-left
(ft)

.0
1.0

x-right y-right
(ft) (ft)

200.0
350.0

1.0
50.0

Soil Unit
Below Segment

2
3

ISOTROPIC Soil Parameters

3 typeotc) ni cnil

Soil Unit Weight Cohesion Friction
Unit -oist Sat. - Intercept Angle

No. (pcf) (pcf) (psf) (deg)

1

3

120.0
120.0
120.0

120. 0
1lQ.0
123.0

.0
_ 0 _ _
.0

A-15

30.00
20.00.
14.00

Pore Pressure Water
Parameter Constant Surface

Ru (psf) No.

.000

.000

.000

0
_0
'0

0
0
0

Segment
No.

1
2

x-left
(ft)

50.0
200.0

y-left
(ft)

.0
50.0

Segment
No.

1
2



WHC-SD-W296-ES-01 , Rev. 0

Trial failure surface specified by 3 coordinate points

Point
No.

1
2
3

x-surf
(ft)

50.00
200.00
350.00

y-surf
(ft)

.00

.00
50.00

SUMMARY OF INDIVIDUAL SLICE INFORMATION
** ****************************** * *

Slice x-base
(ft)

1
2

125.00
275.00

y-base height
(ft) (ft)

width
(ft)

.00 25.000 150.000
25.00 25.000 150.000

alpha

.000
18.435

beta weight
(lb)

18.435 450000.1
.000 449999.9

SLICE INFORMATION ... continued :

Sigma
(psf)

phi c-value
(psf)

3000.0 20.00
2873.5 - -14.00

For the single specified surface,
Corrected JANBU factor of safety - 1.930

Resisting Shear Strength = 277.07E+03
Total Driving Shear Force = 146.75E+03

(Fo factor =1.022)

lb
lb

A-16

I/c oFzo

Slice

1
-2

U-base
(lb)

U-top
(lb)

.0

.0

P-top
(lb)

.0

.0
.0
.0

Delta

.00

.00
.0
.0
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120

80
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$Lef ,s a52
11:28

*

*
XSTABL

* Slope Stability Analysis using
* Simplified BISHOP or JANBU methods

* Copyright (C) 1992
* Interactive Software Designs, Inc.

All Rights Reserved
*

*
* Golder Associates, Inc.

Redmond, WA 98052

* Ver. 4.10 1015 *

Problem Description

SEGMENT BOUNDARY COORDINATES

2 SURFACE boundary segments

*****************************t
*

*

*

*
*
*
*

*
*

*

x-right y-right
(ft) (ft)

200.0 50.0
350.0 50.0

Soil Unit
Below Segment

1
1

2 SUBSURFACE boundary segments

x-left
(ft)

50.0
200.0

y-left
(ft)

.0
1.0

x-right y-right
(ft) (ft)

200.0
350.0

1.0
50.0

Soil Unit
Below Segment

2
3

ISOTROPIC Soil Parameters

3 type(s) of soil

Soil Unit Weight Cohesion
Unit Moist Sat. Intercept

No. (pcf) (pcf) (psf)

Friction
Angle
(deg)

Pore Pressure
Parameter Constant

Ru (psf)

1 120.0 120.0
2
3

120.0
120.0

120.0
120.0

.0 30.00

.0 20.00

.0 14.00

A-18

Segment
No.

1
2

x-left
(ft)

50.0
200.0

y-left
(ft)

.0
50.0

Segment
No.

1
2

Water
Surface

No.

.000
, 0 00
.000

.0

.0
-0

0
0
0
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A horizontal earthquake loading coefficient
of .120 has been assigned

A vertical earthquake loading coefficient
of .000 has been assigned

Trial failure surface specified by 3 coordinate points

Point
No.

1
2
3

x-surf
(ft)

50.00
200.00
350.00

y-surf
(ft)

.00

.00
50.00

SUMMARY OF INDIVIDUAL SLICE INFORMATION
* ** *** **** * *** *** * **** * *** ** **** * *** *** *

Slice x-base
(ft)

y-base height
(ft) (ft)

12-5 a -0
275.00

_A0--25.000-l50.000
25.00 25.000 150.000

000 18.435 450000.1
18.435 .000 449999.9

SLICE INFORMATION ... continued

Sigma
(psf)

phi c-value
(psf)

3000.0 20.00
2786.3 14.00

U-base
(ib)

.0

.0

U-top
(lb)

.0

.0

P-top
(lb)

.0

.0
.0
.0

Delta

.00

.00

For the single specified surface,
Corrected JANBU factor of safety = 1.108 (Fo factor =1.022)

Resisting Shear Strength =
Total Driving Shear Force =

273.63E+03
252.52E+03

A-19

1
2

width
(ft)

alpha beta weight
(lb)

Slice

1
2

lb
lb



Janbu Factor of Safety for Specified Surface =

150
I I

190 230 270 310
X-AXIS (feet)

350 k9

bt

t'

T064 10-O1-9Ud I1:i8

200

160

1.108

4-4

U)hi
0

120

80

40

0

30

U,

'0
9'

0

CD

0

70 110
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Table 1, Interim Cover Hydraulic Conductivity = 1 x 100 cny's

Year Precipitation Runoff Evapotrans- Percolation Change in
(in) (in) piration (in) at Bottom (in) Storage (in)

1979 5.63 0 4.443 1.046 0.144

1980 9.70 0 7.962 1.031 0.707

1981 7.04 0 6.314 0.953 -0.228

1982 8.07 0 6.728 0.865 0.477

1983 11.07 0 7.833 0.813 2.424

1984 7.27 - 0 6.98 - 0.900 -0.610

1985 5.12 0 4.659 1.492 -1.031

1986 6.93 0 5.648 1.635 -0.352

1987 5.62 0 5.230 1.347 -0.958

1988

Yearly
Average

4.39

7.08

-1.469

-0.090

C-4

4.673

6.047

0

0

1.186

1.127
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Table 2, Interim Cover Hydraulic Conductivity = 1 x 10' cnrVs

Year Precipitation Runoff Evapotrans- Percolation Change in

(in) (in) piration (in) at Bottom (in) Storage (in)

1979 5.63 0 4.440 1.046 0.144

1980 9.70 0 7.965 1.031 0.705

1981 7.04 0 6.419 0.945 -0.324

1982 8.07 0 6.722 0.818 0.531

1983 11.07 0 7.833 0.703 2.534

1984 7.27 0 7.491 0.656 -0.877

1985 5.12 0 4.796 0.991 -0.666

1986 6.93 0 5.356 1.441 0.133

1987 5.62 0 5.409 1.265 -1.054

1988 4.39 0 4.827 1.056 -1.493

Yearly 7.08 0 6.126 0.995 -0.037
Average , I I L I

C-5
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Table 3, Interim Cover Hydraulic Conductivity = 1 x 10" cnVs

Year frecipitation Runoff Evanotrans- Percolation Change in
- (in-) - (in) piration (in) at Bottom (in) Storage (in)

1979 5.63 0.079 4.440 1.046 0.065

1980 9.70 1.086 8.078 1.031 -0.495

1981 7.04 0.544 6.419 0.944 -0.867

1982- 8.07 0.595 6.722 0.815 -0.062

1983 11.07 0.741 7.833 0.688 1.807

1984 7.27 0.193 7.491 0.584 -0.998

1985 5.12 0.130 4.796 0.499 -0.305

1986 6.93 0.193 5.356 0.436 0.946

1987 5.62 0.235 5.409 0.394 -0.418

1988 4.39 0.109 4.827 0.376 -0.921

Yearly 7.08 0.391 6.137 0.681 -0.125
Average

4
-t

A
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Table 2-2.-Runoff curve numbers for cultivated agricultural lands'

Curve numbers for
Cover description hydrologic soil group-

Hydrologic
Cover type Treatment' conditions A B C D

Fallow

Row crops

Small grain

Close-seeded
or broadcast
legumes or
rotation
meadow

Bare soil
Crop residue cover (CR)

Straight row (SIR)

SR + CR

Contoured (C)

C + CR

Contoured & terraced (C&T)

C&T + CR

SR

SR + CR

C

C + CR

C&T

C&T + CR

SR

C

C&T

'Average runofT condition, and 1. t 0..
3 Goop iridne votyr applies only if residue is on at least 5-t of the surface throughout the year.
*HVcIgic condition is bared on combination of factors that affect infiltration and runoff, including (a) density and cmopy of vegetative

an-as. b) amount of year-round cover, (c) wmount of gm or close-seeded legumes in rotations. (d) percent of residue cover on the land sur.
f1, icood ) 20.). and (e) degree of suwface roughness.

J'mD Yactwrs impair infiltration and tend to increase runuff.
G,,Avt Fuctor. encourage average and better than average infitration and tend to decrease runoff.

(210-Vi-TR-35. Second Ed., June 1986)
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85
83

90
88

94
93
90

Poor
Good

Poor
Good
Poor
Good
Poor
Good
Poor
Good
Poor
Good
Vor -
Good

Poor
Good
Poor
Good
Poor
Good
Poor
Good
Poor
Good
Poor
Good

Poor
Good
Poor
Good

Goor
Good

76
74

72
67
71
64
70
65
69
64
66
62

61

65
63
64
60

&63

62
60
61
59
60
58

66
58
64
55

51

88
85
7

82
84
82
83
81
80
78
79
77

84
83
83
80
82
81
Al

80
79
78
78
77

77
72
75
69
73
67

85
81
83
78

80
76

89
85
85
83
83
80
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** * **************** *********** ** * ***** * ***** ** ***** * ** * **** * *** ***** * **

** ********** ***** * ********** *** * ***** * ** *** * *** * ** * **** ** * **** * *** ** ** *

ERSF LEACHATE GENERATION STUDY
HANFORD WASHINGTON
10/18/93

*********************************** **** ********************************

LAYER 1

VERTICAL PERCOLATION LAYER
THICKNESS - 24.00 INCHES
POROSITY a 0.4370 VOL/VOL
FIELD CAPACITY - 0.0620 VOL/VOL
WILTING POINT = 0.0240 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0500 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.001000000047 CM/SEC

LAYER 2

VERTICAL PERCOLATION LAYER
THICKNESS - 120.00 INCHES
POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0450 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.159999996424 CM/SEC

LAYER 3

VERTICAL PERCOLATION LAYER
THICKNESS = 120.00 INCHES
POROSITY - 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
:NI'TIAL SOIL WATER CONTENT = 0.0450 VOL/VOL
-SArURATED--HYDRAULIC CONDUCTIVITY = - 0.159999996424 Ci/SEC
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LAYER 4

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

- 120.00 INCHES
= 0.4170 VOL/VOL
a 0.0450 VOL/VOL
- 0.0200 VOL/VOL
- 0.0450 VOL/VOL
a 0.159999996424 C0/SEC

LAYER 5

VERTICAL PERCOLATION LAYER
THICKNESS - 120.00 INCHES
POROSITY - 0.4170 VOL/VOL
FIELD CAPACITY - 0.0450 VOL/VOL
WILTING POINT - 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT - 0.0450 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY - 0.159999996424 CM/SEC

LAYER 6

VERTICAL PERCOLATION LAYER
TH-ICKNESS - 120.00 INCHES
POROSITY . 0.4170 VOL/VOL
FIELD CAPACITY - 0.0450 VOL/VOL
WILTING POINT 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT a 0.0450 VOL/VOL
SATUPLATED-HYDRAULIC CONDUCTIVITY----=----- -0-159999996424 CMISEn '

LAYER 7

VERTICAL PERCOLATION LAYER
THICKNESS = 120.00 INCHES
POROSITY - 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0450 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.159999996424 CM/SEC

LAYER 8

THICKNESS
POROSITY
FIELD CAPACITY
~WILTING POINT

VERTICAL PERCOLATION LAYER
= 120.00 INCHES
= 0.4170 VOL/VOL
= 0.0450 VOL/VOL
= 0.0200 VOL/VOL

C-10
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INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

= 0.0450 VOL/VOL
= 0.159999996424 CM/SEC

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS

- 77.00
= 43560. SQ FT

18.00 INCHES
= 7.8660 INCHES
= 0.9000 INCHES
= 0.0000 INCHES

= 39.0000 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

USER SPECIFIED RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR YAKIMA WASHINGTON

MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF--GROWING-SEASON (JULIAN-DATE) -

= 0.00
- 124
= -- 27

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL

28.20
70.40

FEB/AUG

36.10
68.60

MAR/SEP

41.90
60.90

APR/OCT

49.20
49.90

MAY/NOV

57.30
38.20

JUN/DEC

64.50
31.50

MONTHLY TOTALS FOR YEAR 79

PRECIPITATION (INCHES)

RUNOFF (INCHES)

EVAPOTRANSPIRATION
(INCHES)

PERCOLATION FROM
LAYER - 8--(INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

0.54 0.17 0.54 0.52 0.10 0.00
0.09 0.38 0.20 0.67 1.43 0.99

0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

0.813 0.365 0.165 0.391 0.204 0.172
0.167 0.167 0.141 0.626 0.707 0.521

0.0888 0.0802 0.0888 0.0860 0.0838 0.0360
0.0 8 8 8 0.0888 0.0859 0.0888 0.0859 0.0887
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ANNUAL TOTALS - FOR YEAR 79

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 5.63 20437. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 4.440 16117. 78.86

PERCOLATION FROM LAYER 8 1.0457 3796. 18.57

CHANGE IN WATER STORAGE 0.144 524. 2.56

SOIL WATER AT START OF YEAR 39.00 141570.

SOIL WATER AT END OF YEAR 39.14 142094.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

MONTHLY TOTALS FOR YEAR 80

JAN/JUL FEB/AUG MAR/SEP APR/OCT MnA/NOV JUN/DEC

PRECIPITATION (INCHES) 1.32 1.30 0.30 0.86 1.43 0.96
0.00 0.02 0.85 0.3 0.44 1.89

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION- 0.443 z272 1106 .581 1.460 0.811
(INCHES) 0.200 0.234 0.756 0.394 0.269 0.336

PERCOLATION FROM 0.0886 0.0828 0.0884 0.0854 0.0880 0.0849
LAYER 8 (INCHES) 0.0874 0.0871 0.0839 0.0862 0.0829 0.0852

* *t**********************************************
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ANNUAL TOTALS FOR YEAR 80

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 9.70 35211. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 7.962 28903. 82.09

PERCOLATION FROM LAYER 8 1.0307 3742. 10.63

CHANGE IN WATER STORAGE 0.707 2566. 7.29

SOIL WATER AT START OF YEAR 39.14 142094.

SOIL WATER AT END OF YEAR 39.85 144660.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

MONTHLY TOTALS FOR YEAR 81
--- ------- ---------------------------------------------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
- - ------------- ------ ------- -----

PRECIPITATION (INCHES) 0.56 0.60 0.70 0.02 0.99 0.43
0.19 0.03 0.60 0.39 1.08 1.45

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.757 1.243 0.591 0.277 0.984 0.504
(INCHES) 0.292 0.233 0.091 0.176 0.565 0.600

PERCOLATION FROM 0.0846 0.0759 0.0834 0.0801 0.0821 0.0787
LAYER 8 (INCHES) 0.0807 0.0800 0.0767 0.0786 0.0754 0.0772

ANNUAL TOTALS FOR YEAR 81
-------------------------------------------------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 7.04 25555. 100.00

RUNOFF 0.000 0. 0.00
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EVAPOTRANSPIRATION 6.314 22921. 89.69

PERCOLATION FROM LAYER 8 0.9533 3460. 13.54

CHANGE IN WATER STORAGE -0.228 -826. -3.23

SOIL WATER AT START-OF-YEAR 39.85 144660.

SOIL WATER AT END OF YEAR 39.62 143834.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

MONTHLY TOTALS FOR YEAR 82

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION-(INCHES) 0.38 0.5-7 0.30 0.75 0.28 0.75
0.22 0.20 0.55 1.37 0.91 1.79

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 - 0.000

EVAPOTRANSPIRATION 0.72-1-- 0.723 0.403 0.936 0.342 0.592
(INCHES) 0.207 0.189 0.360 0.550 1.088 0.618

PERCOLATION FROM 0.0766 0.0686 0.0753 0.0723 0.0742 0.0712
LAYER 8 (INCHES) 0.0731 0.0726 0.0697 0.0716 0.0689 0.0708

ANNUAL TOTALS FOR YEAR 82

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 8.07 29294. 100.00

EVAPOTRANSPIRATION 6.728 24423. 83.37

PERCOLATION FROM LAYER 8 0.8648 3139. 10.72

CMANGE IN WATER STORAGE 0.477 1732. 5.91
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SOIL WATER AT START OF YEAR 39.62 143834.

SOIL WATER AT END OF YEAR 40.10 145566.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER-AT END OR YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

MONTHLY TOTALS FOR YEAR 83

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 1.44 1.36 1.00 0.42 0.52 0.68
0.31 0.12 0.46 0.52 2.12 2.12

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.674 1.241 1.780 0.380 0.565 0.523
(INCHES) 0.199 0.183 0.738 0.431 0.606 0.515

PERCOLATION FROM 0.0704 0.0633 0.0697. 0.0672 0.0692 0.0667
LAYER 8 (INCHES) 0.0687 0.0685 0.0662 0.0684 0.0662 0.0686

ANNUAL TOTALS FOR YEAR 83

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 11.07 40184. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 7.833 28434. 70.76

PERCOLATION FROM LAYER 8 0.8131 2951. 7.34

CHANGE IN WATER STORAGE 2.424 8798. 21.89

SOIL WATER AT START OF YEAR 40.10 145566.

SOIL WATER AT END OF YEAR 42.52 154364.

SNOW WATER AT START OF YEAR 0.00 0.

.SCW WATER AT END OF YEAR 0.00 1.
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ANNUAL WATER BUDGET BALANCE 0.00 Q, QQQ

* * **** * ** ** ** ***** ** * ** **** * ***** ****** *** * ** * ** * ** **** * *** ***** * **** **

* ***** **** ***** * * *** * * ************* * ** ** * * * * *** ***** * *** ** *** *

MONTHLY TOTALS FOR YEAR 84

- JAN/JUL FEB/AUG MAR/SEP -APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 0.23 0.94 1.01 0.60 0.55 0.99
0.06 0.00 0.42 0.07 1.83 0.57

RUNOFF (INCHES) - 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.547 1.310 1.126 0.451 0.524 1.144
(INCHES) 0.626 0.008 0.126 0.202 0.243 0.673

PERCOLATION FROM - 0.0689 0.0648 0.0699 0.0684 0.0717 0.0707
LAYER 8 (INCHES) 0.0747 0.0768 0.0768 0.0825 0.0836 0.0909

* *** ***** * *** ****** * *** ** ** ** * ****** * ******** **** *** ** * *** ** * *** .* * * *

ANNUAL TOTALS FOR YEAR 84
-------------------------------------------- a-----------------------------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 7.27 26390. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 6.980 25338. 96.01

PERCOLATION FROM LAYER 8 0.8997 3266. 12.38

CHANGE IN WATER STORAGE -0.610 -2214. -8.39

SOIL WATER AT START OF YEAR 42.52 154364.

SOIL WATER AT END OF YEAR 41.91 152150.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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MONTHLY TOTALS FOR YEAR 85

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 0.34 0.82 0.36 0.01 0.12 0.15
0.12 0.01 0.63 0.46 1.24 0.86

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.715 1.084 0.464 0.272 0.224 0.187
(INCHES) 0.090 0.122 0.152 0.140 0.379 0.831

PERCOLATION FROM 0.0963 0.0921 0.1081 0.1109 0.1210 0.1231
LAYER 8 (INCHES) 0.1327 0.1376 0.1369 0.1444 0.1417 0.1475

ANNUAL TOTALS FOR YEAR 85

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 5.12 18586. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION ' 4.659 16911. 90.99

PERCOLATION FROM LAYER 8 1.4923 5417. 29.15

CHANGE IN WATER STORAGE -1.031 -3742. -20.14

SOIL WATER AT START OF YEAR 41.91 152150.

SOIL WATER AT END OF YEAR 40.88 148407.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

MONTHLY TOTALS FOR YEAR 86
--- ------------------------------------------------------------------
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JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 1.76 1.21 0.76 0.00 0.30 0.00
0.21 0.02 0.96 0.29 0.65 0.77

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.620 1.592 0.669 0.288 0.238 0.188
(INCHES) 0.182 0.159 0.282 0.258 0.697 0.476

PERCOLATION FROM 0.1478 0.1332 0.1465 0.1404 0.1433 0.1366
LAYER 8 (INCHES) 0.1389 0.1364 0.1295 0.1313 0.1246 0.1264

ANNUAL TOTALS FOR YEA 86

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 6.93 25156. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 5.648 20501. 81.49

PERCOLATION FROM LAYER 8 1.6349 5935. 23.59

CHANGE IN WATER STORAGE -0.352 -1279. -5.09

SOIL WATER AT START OF YEAR 40.88 148407.

SOIL WATER AT END OF YEAR 40.53 147128.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

MONTHLY TOTALS FOR YEAR 87

JAN/JUL FEB/AUG MAR/SEP APR/OCT KAY/NOV JUN/DEC

PRECIPITATION (INCHES) 0.80 0.55 1.05 0.14 0.39 0.08
0.50 0.07 0.01 0.00 0.40 1.63
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RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.754 1.166 1.127 0.385 0.270 0.215
(INCHES) 0.195 0.174 0.149 0.139 0.136 0.522

PERCOLATION FROM 0.1240 0.1101 0.1199 0.1141 0.1162 0.1108
LAYER 8 (INCHES) 0.1130 0.1116 0.1068 0.1092 0.1046 0.1070

ANNUAL TOTALS FOR YEAR 87

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 5.62 20401. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 5.230 18986. 93.07

PERCOLATION FROM LAYER 8 1.3472 4891. 23.97

CHANGE IN WATER STORAGE -0.958 -3476. -17.04

SOIL WATER AT START OF YEAR 40.53 147128.

SOIL WATER AT END OF YEAR 39.57 143652.

SNOW WATER AT START OF YEAR 0.00 0.

_ SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

MONTHLY TOTALS FOR YEAR 88

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 0.48 0.00 0.60 1.12 0.33 0.11
0.13 0.00 0.39 0.01 0.82 0.40

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.949 0.494 0.304 0.378 0.729 0.298
(INCHES) 0.234 0.127 0.081 0.158 0.176 0.245

PERCOLATION FROM 0.1060 0.0982 0.1041 0.0998 0.1021 0.0979
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LAYER 8 (INCHES) 0.1001 0.0991 0.0949 0.0969 0.0927 0.0947

** * ** ********** *********************************** *** *** ** *****.*

ANNUAL TOTALS FOR YEAR 88

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 4.39 15936. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 4.673 16963. 106.45

PERCOLATION FROM LAYER 8 1.1864 4307. 27.03

CHANGE IN WATER STORAGE -1.469 -5334. -33.47

SOIL WATER AT START OF YEAR 39.57 143652.

SOIL WATER AT END OF YEAR 38.10 138318.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

--- ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

** * * ** * **.* * *** * ** *** *** ** *** ** ** * **.. * * *.** ** *.* *** *** **** ****

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 79 THROUGH 88

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

TOTALS 0.78 0.75 0.66 0.44 0.50 0.42
0.18 0.09 0.51 0.41 1.09 1.25

STD. DEVIATIONS 0.53 0.46 0.29 0.40 0.41 0.40
0.14 0.12 0.28 0.40 0.57 0.60

RUNOFF

TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
- -0.000 - _0_000 - 0.000 _-0.0o -0.-0o n.nn

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION
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TOTALS 0.699 1.049 0.774 0.484 0.554 0.463
0.249 0.160 0.288 0.307 0.487 0.534

STD. DEVIATIONS 0.141 0.392 0.499 0.242 0.408 0.322
0.145 0.065 0.257 0.181 0.300 0.165

-PERCOLATION FROM T.VW2 A

TOTALS 0.0952 0.0869 0.0954 0.0925 0.0957 0.0927
0.0958 0.0958 0.0927 0.0958 0.0927 0.0957

STD. DEVIATIONS 0.0249 0.0221 0.0245 0.0236 0.0245 0.0239
0.0249 0.0251 0.0244 0.0253 0.0244 0.0250

*** ***** * ***** ** * *** ***** ** ****** * ** ** *** * ** **** * ** ** * ** *** *** ** ** * ****

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 79 THROUGH 88

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 7.08 ( 2.085) 25715. 100.00

RUNOFF 0.000 ( 0.000) 0. 0.00

EVAPOTRANSPIRATION 6.047 ( 1.312) 21950. 85.36

PERCOLATION FROM LAYER 8 1.1268 ( 0.2806) 4090. 15.91

CHANGE IN WATER STORAGE -0.090 ( 1.117) -325. -1.26

PEAK DAILY VALUES FOR YEARS 79 THROUGH

(INCHES)

ITATION 0.93

0.000

0.0048

0.75

PERCOLATION FROM LAYER 8

SNOW WATER

88

(CU. FT.)

3375.9

0.0

17.3

2734.6

MAYXIMUM VEG SOIL WATER iVOL/VOL) 0.1830

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0240
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FINAL WATER STORAGE AT END OF YEAR 88

LAYER (INCHES) (VOL/VOL)

1 1.88 0.0785

2

3

4

5

6

7

a

SNOW WATER

4.78

4.96

5.11

5.23

5.32

5.39

5.43

0.00

0.0398

0.0414

0.0426

0.0436

0.0443

0.0449

0.0453

* ****** ******** * ******* *** * ******* * *** **** ***** ****** * ***** * *** * ****
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** ****** ** **** * ******** **** * ******* ** * **** *** ** **** * ***** *** **** * *****

** ******* * ***** ************** ***** * **** *** ** ****** * ***** ** ** * * *** ***** *

ERDF LEACHATE GENERATION STUDY
HANFORD WASHINGTON
1o\197\u3

LAYER 1

VERTICAL PERCOLATION LAYER
THICKNESS = 24.00 INCHES
POROSITY - 0 4370 VOL/VOL
FIELD CAPACITY = 0.0620 VOL/VOL
WILTING POINT s 0.0240 VOL/VOL
INITIAL SOIL WATER CONTENT 0 ..0500 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000099999997 CM/SEC

LAYER 2

VERTICAL PERCOLATION LAYER
THICKNESS = 120.00 INCHES
POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY 0.0450 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0450 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY - 0.159999996424 CM/SEC

LAYER 3

VERTICAL PERCOLATION LAYER
THICKNESS = 120.00 INCHES
POROSITY - 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0450 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.159999996424 CM/SEC

C-23
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LAYER 4

VERTICAL PERCOLATION LAYER
THICKNESS - 120.00 INCHES
POROSITY - 0.4170 VOL/VOL
FIELD CAPACITY - 0.0450 VOL/VOL
WILTING POINT - 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT - 0.0450 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY - 0.159999996424 CM/SEC

LAYER S

VERTICAL PERCOLATION LAYER
THICKNESS - 120.00 INCHES
POROSITY - 0.4170 VOL/VOL
FIELD CAPACITY - 0.0450 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0450 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY - 0.159999996424 CM/SEC

LAYER 6

VERTICAL PERCOLATION LAYER
THICKNESS - 120.00 INCHES
POROSITY - 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT a 0.0450 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.159999996424 CM/SEC

LAYER 7

ErTIAL ErCLTIONr
THICKNESS
POROSITY =
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY =

LAYER
120.00 INCHES
0.4170 VOL/VOL
0.0450 VOL/VOL
0.0200 VOL/VOL
0.0450 VOL/VOL
0.159999996424 CM/SEC

LAYER 8

VERTICAL PERCOLATION
THICKNESS
PORCSITY
FIELD CAPACITY
WILTING POINT

LAYER
120.00 INCHES
0.4170 VOL/VOL
0.0450 VOL/VOL
0.0200 VOL/VOL

C-24
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INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

= 0.0450 VOL/VOL
= 0.159999996424 CM/SEC

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE
INITIAL SNOW WATER-CONTENT
INITIAL TOTAL WATER STORAGE IN

SOIL AND WASTE LAYERS

= 77.00
- 43560. SQ FT
- 18.00 INCHES
- 7.8660 INCHES
= 0.9000 INCHES
S 0.0000 INCHES

- 39.0000 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

USER SPECIFIED RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR YAKIMA WASHINGTON

MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)

= 0.00
= 124
= 276

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL

28.20
70.40

FEB/AUG

36.10
68.60

MAR/SEP

41.90
60.90

APR/OCT

49.20
49.90

MAY/NOV

57.30
38.20

JUN/DEC

64.50
31.50

MONTHLY TOTALS FOR YEAR 79

PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
- - - - - - - - - - - - - - - - - - ---------

0.54 0.17 0.54 0.52 0.10 0.00
0.09 0.38 0.20 0.67 1.43 0.99

RUNOFF (INCHES) 0.000 0.000 0.000
0.000 0.000 0.000

0.000 0.000 0.000
0.000 0.000 0.000

EVAPOTRANSPIRATICN
(INCHES)

PERCOLATION FROM
LAYER 8 (INCHES)

0.813 0.365 0.165 0.391 0.204 0.172
0.167 0.167 0.141 0.626 0.707 0.521

0.0888 0.0802 0.0888 0.0860 0.0888 0.0860
0.0888 0.0888 0.0859 0.0888 0.0859 0.0887
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ANNUAL TOTALS FOR YEAR 79

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 5.63 20437. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 4.440 16118. 78.87

PERCOLATION FROM LAYER 8 1.0457 3796. 18.57

CHANGE IN WATER STORAGE 0.144 523. 2.56

SOIL WATER AT START OF YEAR 39.00 141570.

SOIL WATER AT END OF YEAR 39.14 142093.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

* **************** ****** **** ** * * ** ** ************* ****.* * *** ** **** *

MONTHLY TOTALS FOR YEAR 80

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 1.32 1.30 0.30 0.86 1.43 0.96
0.00 0.02 0.85 0.33 0.44 1.89

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.443 1.268 1.107 0.583 1.461 0.812
(INCHES) 0.300 0.234 0.757 0.395 0.270 0.336

PERCOLATION FROM 0.0886 0.0828 0.0884 0.0854 0.0880 0.0849
LAYER 8 (INCHES) _ 0.0874 0.0871 0.0838 0.0862_0.0829 0.0851
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ANNUAL TOTALS FOR YEAR 80

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 9.70 35211. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 7.965 28912. 82.11

PERCOLATION FROM LAYER 8 1.0306 3741. 10.62

CHANGE IN WATER STORAGE 0.705 2558. 7.26

SOIL WATER AT START OF YEAR 39.14 142093.

SOIL WATER AT END OF YEAR 39.85 144651.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

** *** **** **** *** ***** * *** **** * *** **** **** **** ** **** ** ** ******* ** * *** ***

MONTHLY TOTALS FOR YEAR 81

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 0.56 0.60 0.70 0.02 0.99 0.43
0.19 0.03 0.60 0.39 1.08 1.45

RUNOFF (INCHES) 0.000 0.000 0.000 -0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.757 1.243 0.592 0.277 0.984 0.505
(INCHES) 0.292 0.233 0.194 0.175 0.567 0.602

PERCOLATION FROM 0.0845 0.0757 0.0832 0.0798 0.0816 0.0782
LAYER 8 (INCHES) 0.0800 0.0791 0.0757 0.0773 0.0739 0.0755

* ****w**** ****** *********2** ********* * **** *** **** ***** ****w*** ***** *** *

ANNUAL TOTALS FOR YEAR 81

(INCHES) (CU. FT.) PERCENT

PRECIPITATION * 7.04 25555. 100.00

RUNOFF 0.000 0. 0.00
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EVAPOTRANSPIRATION 6.419 23302. 91.18

PERCOLATION FROM LAYER 8 0.9445 3428. 13.42

CHANGE IN WATER STORAGE -0.324 -1175. -4.60

SOIL WATER AT START OF YEAR 39.85 144651.

SOIL WATER AT END OF YEAR 39.52 143476.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

MONTHLY TOTALS FOR YEAR 82

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 0.38 0.57 0.30 0.75 0.28 0.75
0.22 0.20 0.55 1.37 0.91 1.79

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.724 0.720 0.401 0.934 0.341 0.591
(INCHES) 0.207 0.189 0.359 0.550 1.088 0.618

PERCOLATION FROM 0.0745 0.0665 0.0727 0.0694 0.0708 0.0676
--LAYER -8 (INCHES) -0;0690 0.0680 0.06S0 0.0663 0.0633 0.0646

. ****,.* * *** * * ***..... .. *****.********* .** .* *..**** *** * *.. *** **

ANNUAL TOTALS FOR YEAR 82

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 8.07 29294. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 6.722 24400. 83.29

PERCOLATION FROM LAYER 8 0.8177 2968. 10.13

CHANGE IN WATER STORAGE 0.531 1926. 6.57
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SOIL WATER AT START OF YEAR 39.52 143476.

SOIL WATER AT END OF YEAR 40.06 145402.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0. o

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

MONTHLY TOTALS FOR YEAR 83

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 1.44 1.36 1.00 0.42 0.52 0.68
0.31 0.12 0.46 0.52 2.12 - 2.12

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.674 1.241 1.780 0.380 0.565 0.523
(INCHES) 0.199 0.183 0.738 0.431 0.606 0.515

PERCOLATION FROM 0.0637 0.0568 0.0622 0.0594 0.0607 0.0580
LAYER 8 (INCHES) 0.0592 0.0585 0.0560 0.0573 0.0549 0.0862

** ** * ***** *** * ****** ** *** *** *** ** ** * *** * ***** ** ** * ***** * ** ***.* *** ** * **

ANNUAL TOTALS FOR YEAR 83

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 11.07 40184. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 7.833 28435. 70.76

PERCOLATION FROM LAYER 8 0.7030 2552. 6.35

CHANGE IN WATER STORAGE 2.534 9197. 22.89

SOIL WATER AT START OF YEAR 40.06 145402.

SOIL WATER AT END OF YEAR 42.59 154598.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.
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ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

** * ***** * *** ******* ** *********** * ***** ** *** **** ** **** **** *** *** *** *** **

MONTHLY TOTALS FOR YEAR 84

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 0.23 0.94 1.01 0.60 0.55 0.99
0.06 0.00 0.42 0.07 1.83 0.57

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.547 1.310 1.126 0.451 0.524 1.144
(INCHES) 0.726 0.300 0.243 0.203 0.241 0.675

PERCOLATION FROM 0.0557 0.0518 0.0550 0.0530 0.0546 0.0528
LAYER 8 (INCHES) 0.0546 0.0549 0.0536 0.0561 0.0554 0.0588

ANNUAL TOTALS FOR YEAR 84

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 7.27 26390. 100.00

RUNOFF _ _.000 00. 0.00

EVAPOTRANSPIRATION 7.491 27191. 103.03

PERCOLATION FROM LAYER 8 0.6562 2382. 9.03

CHANGE IN WATER STORAGE -0.877 -3183. -12.06

SOIL WATER AT START OF YEAR 42.59 154598.

SOIL WATER AT END OF YEAR 41.71 151416.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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MONTHLY TOTALS FOR YEAR 85

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 0.34 0.82 0.36 0.01 0.12 0.15
0.12 0.01 0.63 0.46 1.24 0.86

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.716 1.086 0.463 0.271 0.223 0.186
(INCHES) 0.171 0.155 0.171 0.140 0.378 0.835

PERCOLATION FROM 0.0609 0.0572 0.0665 0.0680 0.0747 0.0771
LAYER 8 (INCHES) 0.0850 0.0907 0.0933 0.1020 0.1037 0.1119

.* **. ** *** ****.*.********** ** ** ********** ****** *** * . *** * **..*

ANNUAL TOTALS FOR YEAR 85

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 5.12 18586. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION - ---- 4.796 -- 17408. 93.66

PERCOLATION FROM LAYER 8 0.9909 3597. 19.35

CHANGE IN WATER STORAGE -0.666 -2419. -13.02

SOIL WATER AT START OF YEAR 41.71 151416.

SOIL WATER AT END OF YEAR 41.05 148996.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

MONTHLY TOTALS FOR YEAR 86
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- JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 1.76 1.21 0.76 0.00 0.30 0.00
0.21 0.02 0.96 0.29 0.65 0.77

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.622 1.597 0.666 0.288 0.236 0.188
(INCHES) 0.11 0.159 0.400 0.205 0.312 0.502

PERCOLATION FROM 0.1160 0.1077 0.1217 0.1196 0.1248 0.1213
LAYER 8 (INCHES) 0.1254 0.1249 0.1200 0.1227 0.1174 0.1196

ANNUAL TOTALS FOR YEAR 86

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 6.93 25156. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 5.356 19441. 77.28

PERCOLATION FROM LAYER 8 1.4411 5231. 20.80

CHANGE IN WATER STORAGE 0.133 484. 1.92

SOIL WATER AT START OF YEAR 41.05 148996.

SOIL WATER AT END OF YEAR 41.18 149480.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

MONTHLY TOTALS FOR YEAR 87

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 0.80 0.55 1.0S 0.14 0.39 0.08
0.50 0.07 0.01 0.00 0.40 1.63
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RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.754 1.199 1.268 0.394 0.272 0.216
(INCHES) 0.195 0.175 0.149 0.139 0.136 0.512

PERCOLATION FROM 0.1178 0.1047 0.1140 0.1085 0.1101 0.1047
LAYER 8 (INCHES) 0.1063 0.1044 0.0994 0.1010 0.0961 0.0978

* *** * **** *** * ******* ** *** *** ******** * ** * ****** * ** * ******* * *** **** * ** *

ANNUAL TOTALS FOR YEAR 87

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 5.62 20401. 100.00

RUNOFF 0.000 - 0.00

EVAPOTRANSPIRATION 5.409 19634. 96.24

PERCOLATION FROM LAYER 8 1.2647 4591. 22.50

_CHANGEIN WATERSTORAGE -1.054 -3825. -18.75

SOIL WATER AT START OF YEAR 41.18 149480.

SOIL WATER AT END OF YEAR 40.13 145656.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

* ****** * ** *** ** * **** ** ** * ***** ** * ** * ** *** * **** ** ***** * ** *** ** * ** ** * * **

MONTHLY TOTALS FOR YEAR 88

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 0.48 0.00 0.60 1.12 0.33 0.11
0.13 0.00 0.39 0.01 0.82 0.40

RUNOFF (INCHES) --- 0----0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION _ _0.949 _ 0.494 0.304 0.878 0.729 0.298
(INCHES) 0.234 0.195 0.178 0.158 0.169 0.240

PERCOLATION FROM 0.0963 0.0887 0.0935 0.0893 0.0910 0.0869

C-33



WHC-SD-W296-ES-01 , Rev. 0

LAYER 8 (INCHES) 0.0887 0.0875 0.0837 0.0854 0.0817 0.0835

**** ******** * ***** ************* ** ** *********.** ****** ,*. *******.,,* **

ANNUAL TOTALS FOR YEAR 88
---- ----------------------------------------------------------------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 4.39 15936. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 4.827 17521. 109.95

PERCOLATION FROM LAYER 8 1.0562 3834. 24.06

CHANGE IN WATER STORAGE -1.493 -5419. -34.00

SOIL WATER AT START OF YEAR 40.13 145656.

SOIL WATER AT END OF YEAR 38.63 140237.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

* ** * .. * **** ***.** ******** *.. ... ,*.*** *.* ********** ****,** * ****.

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 79 THROUGH 88

JAN/JUL FES/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

TOTALS 0.78 0.75 0.66 0.44 0.50 0.42
0.18 0.09 0.51 0.41 1.09 1.25

STD. DEVIATIONS 0.53 0.46 0.29 0.40 0.41 0.40
0.14 0.12 0.28 0.40 0.57 0.60

RUNOFF

TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
--- O.ooo-- -o. o-- -0.000 --- 0.000 --- 0.000- 0.000

EVAPOTRANSPIRATION
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TOTALS 0.700
0.267

STD. DEVIATIONS 0.141
0.168

PERCOLATION FROM LAYER 8

1.052
0.199

0.394
0.045

0.787
0.333

0.512
0.235

0.485
0.302

0.241
0.183

0.554
0.448

0.408
0.296

.$kee,# 1-3of-i

0.463
0.536

0.322
0.167

TOTALS 0.0847 0.0772 0.0846 0.0818 0.0845 0.0817
0.0844 0.0844 0.0816 0.0843 0.0815 0.0842

STD. DEVIATIONS 0.0216 0.0195 0.0216 0.0208 0.0214 0.0205
0.0210 0.0210 0.0203 0.0211 0.0205 0.0214

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 79 THROUGH 88

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 7.08 ( 2.085) 25715. 100.00

RUNOFF 0.000 ( 0.000) 0. 0.00

EVAPOTRANSPIRATION 6.126 ( 1.334) 22236. 86.47

PERCOLATION FROM LAYER 8 0.9951 ( 0.2388) 3612. 14.05

CHANGE IN WATER STORAGE -0.037 ( 1.149) -133. -0.52

*** * ********** ** *** ** *** ****** ******** * ** *** **** **** **** * **** * ** *** * ** *

PEAK DAILY VALUES FOR YEARS 79 THROUGH

(INCHES)

PRECIPITATION 0.93

RUNOFF 0.000

PERCOLATION FROM LAYER 8 0.0040

SNOW WATER 0.75

88

(CU. FT.)

3375.9

0.0

14.7

2734.6

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2271

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0240
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* * **** * * ***. ** * **** * ********** ** ** * *** * ***************.. ****,*** **** * *

FINAL WATER STORAGE AT END OF YEAR 88

LAYER (INCHES) (VOL/VOL)

1 2.53 0.1053

2 4.84 0.0404

3 5.00 0.0417

4 5.12 0.0427

5 5.20 0.0434

6 5.26 0.0439

7 5.31 0.0443

8 5.36 0.0447

SNOW WATER 0.00
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ERDF LEACHATE GENERATION STUDY
HANFORD WASHINGTON
10\19\93

******************* ***********************************************

LAYER 1

VERTICAL PERCOLATION
THICKNESS a

POROSITY =
FIELD CAPACITY =

WILTING POINT
INITIAL SOIL WATER CONTENT -
SATURATED HYDRAULIC CONDUCTIVITY ---- --

LAYER
24.00 INCHES

0.4370 VOL/VOL
0.0620 VOL/VOL
0.0240 VOL/VOL
0.0500 VOL/VOL

- 0.000010000000 m/lr

LAYER 2

VERTICAL PERCOLAT
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

ION LAYER
= 120.00 INCHES
= 0.4170 VOL/VOL
a 0.0450 VOL/VOL
= 0.0200 VOL/VOL
a 0.0450 VOL/VOL
- 0.159999996424 CM/SEC

LAYER 3

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

= 120.00 INCHES
* 0.4170 VOL/VOL
= 0.0450 VOL/VOL
= 0.0200 VOL/VOL
= 0.0450 VOL/VOL
= 0.159999996424 CM/SEC
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LAYER 4

VERTICAL PERCOLATION LAYER
THICKNESS a 120.00 INCHES
POROSITY 0.4170 VOL/VOL
FIELD CAPACITY - 0.0450 VOL/VOL
WILTING POINT - 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT - 0.0450 VOL/VOL
-SATURATED . LI -T T 0.159999996424 CM/SEC

LAYER 5

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

- 120.00 INCHES
a 0.4170 VOL/VOL
- 0.0450 VOL/VOL
- 0.0200 VOL/VOL
- 0.0450 VOL/VOL
- 0.159999996424 CM/SEC

LAYER 6

VERTICAL PERCOLATION LAYER
THICKNESS - 120.00 INCHES
POROSITY - 0.4170 VOL/VOL
FIELD CAPACITY - 0 .0450 VOL/VOL
WILTING POINT . 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0450 VOL/.VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.159999996424 CM/SEC

LAYER 7

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INTIAL-SOL WATER CONTENT- - ---

SATURATED HYDRAULIC CONDUCTIVITY

- 120.00 INCHES
* 0.4170 VOL/VOL
* 0.0450 VOL/VOL
= 0.0200 VOL/VOL
= 0.0450 VOL/VOL

= 0.159999996424 CM/SEC

LAYER 8

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT

VERTICAL PERCOLATION LAYER
= 120.00 INCHES
= 0.4170 VOL/VOL
= 0.0450 VOL/VOL
- 0.0200 VOL/VOL
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INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

- 0.0450 VOL/VOL
= 0.159999996424

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER-
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE IN

SOIL AND WASTE LAYERS

= 77.00
- 43560. SQ FT
- 18.00 INCHES
s 7.8660 INCHES
- 0.9000 INCHES
- 0.0000 INCHES

= 39.0000 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

USER SPECIFIEDRAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR YAKIMA WASHINGTON

MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)

- 0.00
- 124
= 276

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL-

28.20
70.40

fEu/AUG-

36.10
68.60

-4.AR/SP-

41.90
60.90

APROCT-

49.20
49.90

-MAY/NOIF

57.30
38.20

64.50
31.50

MONTHLY TOTALS FOR YEAR 79

PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

0.54 - 0.17 -- 0.54 -- 0.52 -- 0.10 0.00
0.09 0.38 0.20 0.67 1.43 0.99

r-.00 O-;sn -- 0.f32
0.000 0.000 0.000

0.000 0.000
0.006 0.039

EVAPOTRANSPIRATION
(INCHES)

PERCOLATION FROM
LAYER 8 (INCHES)

0.813 0.365 0.165 0.391 0.204 0.172
0.167 0.167 0.141 0.626 0.707 0.521

0.0888 0.0802 0.0888 0.0860 0.0888 0.0860
0.0888 0.0888 0.0859 0.0888 0.0859 0.0887
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** * **** **** ******* *** ******** ** *** **** ** **** ** ** *** **** *** **** * *** *** *

ANNUAL TOTALS FOR YEAR 79

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 5.63 20437. 100.00

RUNOFF 0.079 286. 1.40

EVAPOTRANSPIRATION 4.440 16118. 78.87

PERCOLATION FROM LAYER 8 1.0457 3796. 18.57

CHANGE IN WATER STORAGE 0.065 237. 1.16

SOIL WATER AT START OF YEAR 39.00 141570.

SOIL WATER AT END OF YEAR 39.07 141807.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

* * *** * **** ** ** ***** ***** * *** ** **** ** ** **** ** ***** ***** ** **** *** ** * *****

MONTHLY TOTALS FOR YEAR 80

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 1.32 1.30 0.30 0.86 1.43 0.96
0.00 0.02 0.85 0.33 0.44 1.89

RUNOFF (INCHES) 0.000 0.000 0.000 0.173 0.332 0.006
0.000 0.000 0.351 0.000 0.001 0.223

EVAPOTRANSPIRATION 0.443 1.268 1.108 0.587 1.552 0.819
lNC0.200 0.235 0.757 0.399 0.274 0.336

PERCOLATION FROM 0.0886 0.0828 0.0884 0.0854 0.0880 0.0849
LAYER 8 (INCHES) 0.0874 0.0871 0.0838 0.0862 0.0829 0.0851
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ANNUAL TOTALS FOR YEAR 80

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 9.70 35211. 100.00

RUNOFF 1.086 3943. 11.20

EVAPOTRANSPIRATION 8.078 29324. 83.28

PERCOLATION FROM LAYER 8 1.0306 3741. 10.62

CHANGE IN WATER STORAGE -0.495 -1797. -5.10

SOIL WATER AT START OF YEAR 39.07 141807.

SOIL WATER AT END OF YEAR 38.57 140011.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

** **** *** ***** ** ******* *** ******* *** *********** **** * ** ** ***** *** * *** **

MONTHLY TOTALS FOR YEAR 81

JAN/JUL FEB/AUG MAR/SkP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 0.56 0.60 0.70 0.02 0.99 0.43
0.19 0.03 0.60 0.39 1.08 1.45

RUNOFF (INCHES) 0.000 0.000 0.105 0.000 0.306 0.000
0.000 0.000 0.026 0.000 0.107 0.000

EVAPOTRANSPIRATION 0.755 1.242 0.592 0.277 0.984 0.505
(INCHES) 0.293 0.233 0.194 0.175 0.567 0.602

PERCOLATIONSFROM _-_____0.0845_ 0.0757_ 0-0832_ 0.0798 0.0816 0.0782
LAYER 8 (INCHES) 0.0800 0.0791 0.0757 0.0773 0.0739 0.0754

ANNUAL TOTALS FOR YEAR 81

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 7.04 25555. 100.00

RUNOFF 0.544 1976. 7.73
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EVAPOTRANSPIRATION 6.419 23300. 91.18

PERCOLATION FROM LAYER 8 0.9443 3428. 13.41

CHANGE IN WATER STORAGE -0.867 -3148. -12.32

SOIL WATER AT START OF YEAR 38.57 140011.

SOIL WATER AT END OF YEAR 37.70 136862.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

** *** *** * ******* * *** **** ** ** ** *** ** **** *** ****** * ****** ** **** **** **** **

MONTHLY TOTALS FOR YEAR 82

JAN/JUL FEE/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 0.38 0.57 0.30 0.75 0.28 0.75
0.22 0.20 0.55 1.37 0.91 1.79

RUNOFF (INCHES) __-_-----0.000 0000 0.000 0.031 0.000 0.003
0.000 0.000 0.000 0.449 0.101 0.012

EVAPOTRANSPIRATION 0.724 0.721 0.401 0.934 0.341 0.591
(INCHES) 0.207 0.189 0.359 0.550 1.088 0.618

PERCOLATION FROM 0.0744 0.0664 0.0726 0.0693 0.0707 0.0674
LAYER 8 (INCHES) 0.0687 0.0678 0.0647 0.0659 0.0629 0.0640

ANNUAL TOTALS FOR YEAR 82

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 8.07 29294. 100.00

RUNOFF 0.595 2161. 7.38

EVAPOTRANSPIRATION_ 6.722 24402. 83.30

PERCOLATION FROM LAYER 8 0.8148 2958. 10.10

CHANGE IN WATER STORAGE -0.062 -226. -0.77
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SOIL WATER AT START OF YEAR 37.70 136862.

---SOIL WATER AT END OF YEAR 37-64 136636.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

* **** * * ** **** **** ******************** ** ********* * **** * *** * ** * *** *** ** *

MONTHLY TOTALS FOR YEAR 83

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 1.44 1.36 1.00 0.42 0.52 0.68
0.31 0.12 0.46 0.52 2.12 2.12

RUNOFF (INCHES) 0.131 0.000 0.012 0.000 0.024 0.032
0.000 0.000 0.000 0.000 0.309 0.233

EVAPOTRANSPIRATION 0.674 1.241 1.780 0.380 0.565 0.523
(INCHES) 0.199 0.183 0.738 0.431 0.606 0.515

PERCOLATION FROM 0.0631 0.0562 0.0614 0.0586 0.0597 0.0569
LAtER' 8 (INCHES) 0.0580 0.0571 0.0545 0.0556 0.0530 0.0540

ANNUAL TOTALS FOR YEAR 83

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 11.07 40184. 100.00

RUNOFF 0.741 2690. 6.69

EVAPOTRANSPIRATION - 7.833 28435. 70.76

PERCOLATION FROM LAYER 8 0.6880 2498. 6.22

CHANGE IN WATER STORAGE 1.807 6561. 16.33

SOIL WATERAT-START OF YEAR 37.64 136636.

SOIL WATER AT END OF YEAR 39.45 143197.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.
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Shed 6.o

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

* * ********** ********** *** *****.*** ******* * ******* ** ******* *********** ** *

MONTHLY TOTALS FOR YEAR 84

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 0.23 0.94 1.01 0.60 0.55 0.99
0.06 0.00 0.42 0.07 1.83 0.57

RUNOFF (INCHES) 0.000 0.'000 0.067 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.126 0.000

EVAPOTRANSPIRATION 0.547 1.310 1.126 0.451 0.524 1.144
(INCHES) 0.726 0.300 0.243 0.203 0.241 0.675

PERCOLATION FROS 0.0533 0.0491 0.0518 0.0495 0.0504 0.0481
LAYER 8 (INCHES) 0.0491 0.0484 0.0462 0.0472 0.0450 0.0459

ANNUAL TOTALS FOR YEAR 84

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 7.27 26390. 100.00

RUNOFF 0.193 701. 2.66

EVAPOTRANSPIRATION 7.491 27191. 103.03

PERCOLATION FROM LAYER 8 0.5841 2120. 8.03

CHANGE IN WATER STORAGE -0.998 -3622. -13.73

SOIL WATER AT START OF YEAR 39.45 143197.

SOIL WATER AT END OF YEAR 38.45 139575.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

********* ** ** * ** ********* ******t*************** **************.**
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* **** * *** ******* ** ***** ** **** *** *** * **** ** * ** ***** ******* * ****** * *** ** *

MONTHLY TOTALS FOR YEAR as

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 0.34 0.82 0.36 0.01 0.12 0.15
0.12 -0.01 0.63 0.4' 1.24 0.86

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.119 0.011

EVAPOTRANSPIRATION 0.716 1.086 0.463 0.271 0.223 0.186
(INCHES) 0.171 0.155 0.171 0.140 0.378 0.835

PERCOLATION FROM 0.0453 0.0404 0.0442 0.0423 0.0431 0.0412
LAYER 8 (INCHES) 0.0421 0.0416 0.0397 0.0406 0.0388 0.0397

.** * ************ ******** * **** ** ** * *** ** * ** **** **** *** *** * ** **** * *** ** ** *

ANNUAL TOTALS FOR YEAR 85

(INCHES) (CU. FT.) PERCENT

PREOIPITATION 5.12 18586. 100.00

RUNOFF 0.130 473. 2.54

EVAPOTRANSPIRATION 4.796 17408. 93.66

PERCOLATION FROM LAYER 8 0.4991 1812. 9.75

CHANGE IN WATER STORAGE -0.305 -1107. -5.95

SOIL WATER AT START OF YEAR 38.45 139575.

SOIL WATER AT END OF YEAR 38.15 138468.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

MONTHLY TOTALS FOR YEAR 86
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JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 1.76 1.21 0.76 0.00 0.30 0.00
0.21 0.02 0.96 0.29 0.65 0.77

RUNOFF (INCHES) 0.025 0.013 0.000 0.000 0.000 0.000
0.000 0.000 0.155 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.622 1.597 0.666 0.288 0.236 0.188
(INCHES) 0.181 0.159 0.400 0.205 0.312 0.502

PERCOLATION FROM 0.0392 0.0350 0.0384 0.0367 0.0376 0.0360
LAYER 8 (INCHES) 0.0368 0.0364 0.0349 0.0357 0.0343 0.0351

ANNUAL TOTALS FOR YEAR 86

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 6.93 -2S156. 100.00

RUNOFF 0.193 699. 2.78

EVAPOTRANSPIRATION 5.356 19441. 77.28

PERCOLATION FROM LAYER 8 0.4361 1583. 6.29

CHANGE IN WATER STORAGE 0.946 3433. 13.65

SOIL WATER AT START OF YEAR 38.15 138468.

SOIL WATER AT END OF YEAR 39.09 141901.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

************* ** * * ************************* *** *** *** *********

MONTHLY TOTALS FOR YEAR 87

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 0.80 0.55 1.05 0.14 0.39 0.08
0.50 0.07 0.01 0.00 0.40 1.63
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RUNOFF (INCHES) 0.000 0.013 0.047 0.000 0.000 0.000
0.003 0.000 0.000 0.000 0.000 0.172

EVAPOTRANSPIRATION 0.754 1.199 1.268 0.394 0.272 0.216
(INCHES) 0.195 0.175 0.149 0.139 0.136 0.512

PERCOLATION FROM 0.0348 0.0312 0.0343 0.0329 0.0338 0.0324
LAYER 8 (INCHES) 0.0333 0.0331 0.0318 0.0327 0.0315 0.0324

* ** *** **** ****** * ***** ** * ** ************ **** * ***** ** ** * **** ** *** *** *****

ANNUAL TOTALS FOR YEAR 87

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 5.62 20401. 100.00

RUNOFF 0.235 853. 4.18

EVAPOTRANSPIRATION 5.409 19634. 96.24

PERCOLATION FROM LAYER 8 0.3943 1431. 7.02

CHANGE IN WATER STORAGE -0.418 -1518. -7.44

SOI--VATER AT STnT OF YE. 29.09 141901.

SOIL WATER AT END OF YEAR 38.67 140384.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

MONTHLY TOTALS FOR YEAR 88

JAN/JUL FES/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION- (INCHES)

RUNOFF (INCHES)

EVAPOTRANSPIRATION
(INCHES)

?ERCOLATION FROM

0-.48
0.13

0.000
0.000

0.949 -
0.234

0.0323

0.00 0.60 1.12
0.00 0.39 0.01

0.000 0.000 0.105
0.000 0.000 0.000

0.494- 0.304 0. 78
0.195 0.178 0.158

0.0301 0.0320 0.0309
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LAYER 8 (INCHES) 0.0317 0.0317 0.0306 0.0316 0.0306 0.0316

**.****** *** *** ******.*..***********. * .. * ****.** **.***** *** * .* **** ****.

ANNUAL TOTALS FOR YEAR as

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 4.39 15936. 100.00

RUNOFF 0.109 396. 2.48

EVAPOTRANSPIRATION 4.827 17521. 109.95

PERCOLATION FROM LAYER 8 0.3756 1363. 8.56

CHANGE IN WATER STORAGE -0.921 -3344. -20.98

SOIL WATER AT START OF YEAR 38.67 140384.

SOIL WATER AT END OF YEAR 37.75 137040.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

* .. * ** **. *..** ** *** **.* * **** ** * ******* ** * * ***** * * *** * **t**** *

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 79 THROUGH 88

JAN-/JUL-FEB/AUG MAR/SEP-APR/OCT -MAY/NOV JUuN/DEC

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

0.78
0.18

0.53
0.14

0.016
0.000

0.041
0.001

0.75
0.09

0.46
0.12

0.003
0.000

0.005
0.000

0.66
0.51

0.29
0.28

0.026
0.053

0.036
0.115

0.44
O.41

0.40
0.40

0.031
0.046

0.060
0.142

0.50
1.09

0.41
0.57

0.067
0.080

0.133
0.097

0.42
1.25

0.40
0.60

0.004
0.065

0.010
0.101
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TOTALS 0.700 1.052 0.787 0.485 0.563 0.464
0.267 0.199 0.333 0.302 0.448 0.536

STD. DEVIATIONS 0.141 0.394 0.512 0.241 0.431 0.323
0.168 0.045 0.235 0.183 0.296 0.167

PERCOLATION FROM LAYER 8

TOTALS 0.0604 0.0547 0.0595 0.0571 0.0585 0.0562
0.0576 0.0571 0.0548 0.0561 0.0539 0.0552

STD. DEVIATIONS 0.0225 0.0206 0.0225 0.0218 0.0225 0.0217
0.0224 0.0223 0.0215 0.0221 0.0213 0.0219

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 79 THROUGH 88

(INCHES) (CU. FT.) PERCENT

PRECIPITATION 7.08 ( 2.085) 25715. 100.00

RUNOFF 0.391 ( 0.336) 1418. 5.51

EVAPOTRANSPIRATION 6.137 ( 1.351) 22277. 86.63

PERCOLATION FROM LAYER 8 0.6813 ( 0.2626) 2473. 9.62

CHANGE IN WATER STORAGE -0.125 ( 0.890) -453. -1.76

PEAK DAILY VALUES FOR YEARS 79 THROUGH 88

(INCHES) (CU. FT.)

PRECIPITATION 0.93 3375.9

RUNOFF 0.449 1630.7

PERCOLATION FROM LAYER 8 0.0029 10.4

SNOW WATER 0.75 2734.6

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2802

MINIMUM VEG. SOIL WATER (OL0OL) 0.0240
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FINAL WATER STORAGE AT END OF YEAR 88

LAYER

1

2

3

4

5

6

7

8

SNOW WATER

(INCHES)

3.42

4.81

4.95

5.00

4.97

4.90

4.85

4.85

(VOL/VOL)

0.1424

0.0401

0.0412

0.0416

0.0414

0.0409

0.0404

0.0404

0.00

* ********* *************** ***** **** ** ****** ****** *** *.******* ******.
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MEMORANDUM

TO: Larry Bennett, MW Boise October 29, 1993
Pam Ankrum, MW Richland
Project File

FR: Frank Shuri, GAI Redmond

RE: SURFACE WATER AND LEACHATE MANAGEMENT AT COMMERCIAL WASTE
FACILITIES, Job No. 923-A024

Facility:

Contact:

Chemical-Waste Management of -the Northwest
Arlington, Oregon Facility

Ms. Nancy Proctor
(5"" 454-2643

Landfill L-13 produces about 50,000 to 100,000 gallons of leachate annually. The landfill area
at the ground surface [i.e., the catchment area for leachate] is 19 acres.

[Landfill L-13 is about 60 feet below ground surface and is presently being filled above grade.]

arlngtn2.w5l
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Med 2oA 3

024 880 I Docks & FacMHltes -F 14 MAL-e- -
a m =n um R- um~ I mr. ImALa mw

2 02W TMMIr tlm ddnn, -ol - -
0210 WIt 20.Coa*,om dim, 11.3 5 .it Vi1. 8175 2 .4I 1402 17

1e5 535 535 195 25
0230 2.5S ClA.hl dra III 54 .3, 175 2a1 ±.6 13692 15.90

024 u rip *m.N 1 0 225 7.75 5.35 175 .85 24
m 025 30'1L20 h creeaiet am dcgken i1i 5 .119 6 2 2 14 11.27 1395

00 BIp debat 6 5.35 5 5 . 22
m 0270 .5t CA, a 8.19 50 4l.25 Ul 1246 T52 12.05

020 Bpdt em 661 2W 425 535 175 1535 19.90
0 3 galahn ue b u bi 4 25 1Amia lie 11 -V 13 2.115
m 0350 1.rer hrileha 

.35X 3 AC staredb/ home for le "'n s 450

025 100 1 WalkifdjPadkng PS la u1m ia

04 0010 ASPHALTICCONCRETE PAVEME .Wibm4 . .- . . --- 4L4

4~jrik j 140123 j 4 .3 62M

030 wwwrwngrw1icn 1-253 10,375 M9 -.9 .- 9 Ii IS 21
0340 lcIW t hck 7325 12 IT: 2 2i 2.6

0320 .. rhc m3 .014 2. 1 a 29 3..650

0420 2412 tick t 5.4U .I 3.63 36 .33 422 5.23

-- 0460 3thick .020 43 u. 1*
OM AAelnle 3M .S 19n4 pa61 0t

0 Boder MWI. I' thick B259 3S JO 1.4 . 2.54 - 7 L -

030tick 690 .123 21 21 2.32 32.9 3550

0530 4.'thick 6.34S (111 26 1.9 1.7 29316 34
0650 Wean8258 575 .167 260 343 3.11 3310 33.53
0451 llthick j 630 .352 2110 II) 2.90 3253 3.50

0 2hc'm 1 - -- -1 630 .139 - . - 2. 264 32 37
0853 2/2'thick 745 .12 2650 2.65 25 31.60 3650

0111 3' thick 1101 .120 2650 247 228 33.25 36

308 0030 ASPHALTIC COI4CRETE AI IthiaM(345ta peC.F.) s i 2550 25.50 28.50 It
02WI AEuif watrpitcinca u 21.50 27.50 30 50

03W1 wr mfx. 2750 2350 30.50
049 Ba3m9 25.50 2550 2850

O A Binger m is 25.50 2550 28.50
0600 Sand a sheetm 270 270 0.50

2C0D Rcaimedpanvemeninsteckade _L5 915 0.50
2100 Recycled pament. at plant raid new, 70.30 19 19 21
2120 113110k1:new. 300 2350 23!0 26

112 C010 CALC:UM CHLORIDE inered. 100 t. bags. tmickkad lots fmn WOl 1 30
021) i.u:'n. 4 lb. fake per galon. tank mick derery GA. E2 62

See the Reference Section for relarencs nuner iIcamullon.
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MAT.

:Skc 3 o -1

TOTAL

3111

For lar par" o .

Fr smaW Ineplar areas
Fm pad for sab an grade, confind aru, machine

Hand rading

832C 5,000
2,000

B-18 700

.010

.024

.032
.034

S.T. 211

.5269
.6 I

.32

1.08
06

.53
1.33
1.77

.72

67
1.69
2.25
1.10

1200 rpade powar base for simalks and bikeay 863 2,000 020 39 05 .44 66
3001 Hand pade seld paW. including comaction, 4' deep B-18 555 .043 11._3 .08 .91 1.39
3100 6'deep 400 .060 1.15 11 126 193
3120 'dssp 300 .080 1.54 .15 1.69 2.53
3300 Fmatiing raw sin ,geitle -IIL 8,900 002 l04 .06 .10 13
3310 StM slope * 7.100 .002 .05 08 13 .16
0010 SIDEWALKS, DRIVEWAYS, & PATIOS No base
M20 Asphalt ctncrelf, 2* thick B-37 720 .067 S.Y. 2.95 131 .17 4.43 5.50

01- -- 2iftiili' 660 .073 '3.63 1.43 .19 5.25 4
oilI Bedqft for bck ar stmoe, ra V thick 0-I 300 .053 S.F. 21 114 1.35 2

0120 tON .45 172 2.17 3.15
01101M Sand, 2 thick 1-18 8.000 .003 .07 06 01 .14 .18

0140 thick' 4,000 .006 .15 .12 01 28 36
Moo0 Cana"ie 3000 pdi, cadt in 0M acewth 6 x 6 - W1.4 x WI.4 mash;

0310 Wxiomed finish, no base, thick -24 600 040 !F. .92 .87 1.79 2.35
0350 S'thick j 545 .044 . 110 .95 2.05 2.68
040 I6' thick 510 .041 l.2 102 2.30 2.9
0440 For othr finishes, see Div. 033-450

00--- Fe tank wpWv base, 4' ukad -882,5 -. 01 .12 18 02 32 .44
C 120 8' thick. add 600 .015 .24 29 03 .55

0550 E5posd aumpra finish, add to anove, minimum 8-24 ll r 016 28 34 30
0603 Mh um J , 455 055 21 114 lAS L_ _

Patamed surface, acd to awvs min.
Maximum_

1,200

D-5

'020
.04 I

.43
104

.431
L.04

67
130E

C
a
C
3
IL
'S

U

il

59

NIT

Elf 010 CLD LA0 ASPHALT PAVEMENT 0.5 pl. AsPhaW/.Y. Pfr in. deph 116
00 WON VMW pmdu wiepat@

"' ads n In w1.d60s, pad I wmpacd 4 e lW ,035 . 3.60 .77 .98 5.35 625
0200 Trawnb plart btid In w av^ cmpacted V course 11-90 3,000 .016 3.50 .35 .46 4.41 5

' " ri a d 't pla, a adad 4 -o ' 3.500 M4 3.60 30 .39 4.29 485

D04 Can staliouay ridnt in , compactad V u M.36 7200 .006 7.20 .12 .16 7.48 8.25

f ei CONCRETE PAVM Includ PAd isishnL and oun 120
Do Phd bin, 12' pas. S bcd. 6' Tick 26 i.0 .029 S.Y. 13.0 .61 50 14.71 16.45

0 7- Thick 2,850 .031 15.75 .64 .63 17.02 19.05
0100 r W& k 2.700 .033 lB 68 .66 19.34 2150

M'thick 2,900 .030 20.50 .3 .62 21.75 24

mOO 10' Thick 2,100 042 22.50 .87 .85 24.22 27.50
i k, ,049 27 1.02 1 29.02 32

M 15' thick 1,500 .059 + 34 122 1.20 36.42 40

0510 For swa inegpa eas, add 100% 100%
00 For cao s wd s feniwamt am 10' wide, add S.. 4.30
610 Undr 10' wide, SO 6.45
0710 FlishinL Maomi finish smal areas 2Cd 135 .119 , - 2.73 2.73 4.08

0130 -TsaMw apansi s.inb, ind. prmoidnd bit. IM Al C-1 150 .213 LF. 1 4.73 .16 5.89 8.70
0740 Trsaacfnsmlicint usingbuhnAd 173 .438 1.45 9.70 34 11.49 17.20
0750 Lgtudiil as, gbuatz 8-23 70 .571 E. 2.25 10.85 8.20 2130 28.50

-&- -C .. fspayad-mixm6b-m ii - z 1,500 byl &M. .15 20 .3 .48

- For indcamiing, s &v. 033-126 - S .5I__4
3000 Cod paii eanin , 1-Ilthick B-32 170 .188 S.. 4.27 9.50 13.77 17

122 0010 FlE GRADE Anato be pavd with pad, smialaea S41L 800 .020 43 .70 L.13 143 122
010) Laup ass 2,0 008 _.17 28 .45 57 -
0200 Grade subpd f b eadw ays B-328 17,0 .001 03 .07 .10 .13
MS Fe rd, base ouse n f OA1 so dw. 022-308

25 100 1 Walk/RParkng Paving

1020
'1050
1100
1150

121

070
0710

a IMM M LABO I EQUI TOA

-
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